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Preface to the First German Edition. 



IT may, at the first glance, appear strange that an enterprise, 
the scientific, social and technical organisation of which is 
of such an exceptional character, as that of the Zeiss V/orks 
at Jena, has not hitherto found an historian.* But on further con- 
sideration the reason for this will become obvious. The persons 
best fitted for such a task, the men actually and constantljr labour- 
ing for the welfare of an undertaking, the growth and development 
of which has surpassed all expectation, have neither the time nor 
the inclination to look backwards and to gather up the threads of 
the past. And for an outsider it is extremely difficult so to iden- 
tify himself with the spirit of the place, as not only to paint a 
picture that is true, both in general outline and in detail, but at 
the same time to do full justice to the motives of the persons who 
have made the place what it is. And this latter point is of vital 
importance, as many erroneous, not to say false, views have been 
widely circulated, more especially in regard to the social organisa- 
tion of the enterprise. 

The writer of these lines has for more than ten years been in 
a position to observe closely the development of the Zeiss enter- 
prise, to become intimately acquainted with the spirit that animates 



*Th6 only production of any considerable length heretofore published 
respecting the Carl-Zeiss Stiftung is that from the pen of Julius Piersdorff. 
entitled " The Carl-Zeiss Stiftung — an etfort towards the development of an 
Industrial labour code," Leipsic, 1897: reprinted from SchmoUer's Jahrbuch, 
Vol. 21, Part 2. Besides this there are but a number of newspaper and 
magazine articles. In the compilation of the present work practically nothing 
but official material has been used. This material comprises the Statutes of 
the Stiftung ; reports, speeches, lectures and memoirs by Abbe, Czapski and 
others; as well as the catalogues and prospectuses of the firms of Carl Zeiss, 
and Schott & Genossen. This general statement is made here to avoid the 
necessity of elsewhere indicating the sources of information. 



it, and to maintain intimate relations with its leading personali- 
ties. The present book is the outcome of his long-cherished desire 
to attempt the record of its development. The collecting and 
arranging of the requisite material, especially that of an historical 
and statistical character, was a task of no small difficulty ; and it 
could not have been brought to a successful issue without the co- 
operation and assistance of some of the scientific workers connected 
with the firm of Carl Zeiss, who, in spite of their many and pressing 
duties, have yet found time to interest themselves in the work. 
Without mentioning any of them individuallv, the writer takes 
advantage of the present opportunity to express to all of them his 
most sincere thanks. 

The assistance above referi-ed to, of course, relates only to the 
collection of material ; the entire responsibilitv for the book itself 
rests with the writer. 

The tables and diagrams are for convenience placed at the end 
of the book. The majorit}- of the ilkrstrations are reproductions 
of photographs taken at the Works. 

DR. FELIX AUERBACH, 

University Professor. 
Jena, May, 1903, 



Preface to the Second German Edition. 



THE fact that the first edition of tliis book has been sold in 
little more than half a year is for me, in the first place, a 
very gratifying indication of the existence of a general 
interest in the firm of Carl Zeiss and the Carl-Zeiss Stiftung, with 
their unparalleled organisation and magnificent work. In the 
second place I may, I trust, be pardoned in assuming that this 
fact is also a testimony that I have succeeded in presenting the 
subject in an attractive style and form. 

Although but little alteration has been made in the text, the 
business being a very progressive one, some new articles had to 
be noticed in the technical part, and in accordance with a generallv 
expressed desire, I have considerably nrodified some of the socio- 
logical chapters, especially those on wages, the eight-hours' day, 
and profit-sharing. Some new illustrations have also been added. 

Permit me again to express my heartfelt gratitude to the many 
friends who have assisted me in preparing this edition. 

F. AUERBACH. 
Jena, Februarv, 1904. 



Translators' Preface. 



IN endeavouring to place before the English-speaking public a 
rendering of Professor Auerbach's book, we have been guided, 
above all, by the desire to do justice to the spirit rather than 
to the letter of the original. Any book relating to the history of 
so well-known and eminent a firm as that of Carl Zeiss is, of 
course, certain to appeal to all interested in optical matters, no 
matter whether directly or indirectly. But the account of the 
Carl Zeiss \Vorks, and the Carl-Zeiss Stiftung, appeals to a much 
wider circle. It is by no means as well known as it ought to be, 
at least in England, that the Jena enterprise is distinguished, not 
only by the excellence and variety of the instruments turned out 
by its workshops, but even more by the unii|ue character of its 
oi'ganisation and the conduct of its lousiness. 

The Carl-Zeiss Stiftung, the child of Abbe's brain, is an attempt 
at social organisation of so novel and important a character that 
every political economist and social reformer should become ac- 
quainted with its characteristic features. The hope that b^- trans- 
lating Professor Auerbach's book we shall have done something to 
spread the knowledge of a most remarkable and successful attempt 
to establish a better understanding between wrirkers and employers, 
and therel)y to contribute, however modestly, to the solution of 
perhaps the most difficult social pi'oblem of our generation, has 
not Ijeen the least of the inducements which led us to undertake 
our task. 

It will be noticed that we have not attempted to translate the 
German word " Stiftung." We felt that as there is no word in 
English which accui'ately renders its meaning, it would be better 
to retain the original rather than translate it by a word, such as 
" Trust," which would have had a tendency to mislead and perhaps 
prejudice the reader. 

SIEGFRIED F. PAUL. 

FPtEDERIG J. CHESHIRE. 

London, October, 1904. 
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Introduction. 



IF it be true that the interest of a book grows on the reader in 
proportion as he recognises the unity of purpose amidst the 
complexity of incident, and is enabled to follow the progress 
from the particular to the general, from the ordinary to the extra- 
ordinary, the following pages may be expected to interest a large 
circle of readers. We are about to describe, in all its aspects, 
historical and social, as well as scientific and technical, one of the 
many large industrial undertakings which supply the needs of Man. 
All these aspects, however, as we shall see, are united by a common 
bond, tend towards a common end, and are dominated by a com- 
mon idea, inasmuch as they all have for object, so to regulate 
labour that it shall actually become, as Scripture tells us it is, 
man's most precious possession ; so to re-adjust it in every particu- 
lar that it shall cease to be the cross of life and become its crown. 
None of the ideas and tendencies of which we shall speak, neither 
the scientific nor the technical, nor finally, the social, are new. 
Undoubtedly they have lain dormant in many minds for a long 
period ; occasionally they have even awakened to a kind of shadowy 
realisation. But they have led to so many failures, that despite some 
partial successes, one may easily be led to doubt their truth. Such 
statements as " Technics must be founded on Science," " The 
interests of the employer and employee are identical," and the like, 
however much they may differ amongst themselves, have yet one 
thing in common, namely, that it is easy to show that they lead 
to apparent contradictions, whilst it is difficult to prove that they 
are, notwithstanding these apparent contradictions, true. It is the 
peculiarity of all such ideas, that if not logically developed with 
the utmost rigour, in spite of all apparent mental obstacles, they 
lead to a negative instead of to a positive goal ; that is to say, 
c 



they end in a more or less defined suspicion that whilst, no doubt, 
in theory true and beautiful, they cannot well be reduced to prac- 
tice. It is the old story of the independence of thought and the 
interdependence of realities, and the conflict between them. The 
thought that this state of conflict, which is no doubt to a certain 
extent real, is inevitable, had first to be overcome ; unshakeable 
conviction and iron will were needed to prove that it exists only as 
long as actualities are ignored or fought against ; but that as soon 
as they are taken into account and utilised it ceases to exist. To 
express it differently : The cardinal principle of optimism had to 
come into operation — the conviction, that is to say, that every clear 
and consistent conception is capable of realisation. On this basis 
alone was it possible to erect a structure in which the various parts 
that go to make up the whole are made and fitted together con- 
sistently with pure abstract thought, and which, in spite of many 
adverse prophecies, still stands firm and unshaken. 



Opto-Tcchnics. 

THE department of industry, that is to say, Opto-technics, to 
which the enterprise with which we liave to deal belongs, 
occupies a peculiar position in relation to the entire field of 
human activity. If we wish to compare it with some other depart- 
ment with which the general reader is somewhat more familiar, we 
are obliged to fall back on Electro-technics ; yet although there is 
much which is common to these departments, there is perhaps even 
more in which they differ. They have this much in common, — both 
are branches of the science of physics : the first is a branch of 
Optics, and the second a branch of Electricity and Magnetism. 
Both of them, too, are closely dependent on Chemistry — the first in 
regard to the technology of optical glasses, the second in 
regard to Electro-chemistry. Both, in a somewhat similar manner, 
have developed beyond the limits of abstract science, and have 
given rise to technics which the mere scientist, however well he 
may be versed in the branch of abstract science in question, cannot 
understand without special studv. Finally, they have the common 
feature that both make the highest possible demands on all engaged 
in them, from the man who directs and supervises, down to the 
manual worker ; a fact of which the external manifestation is the 
high remuneration given both in salaries and wages, and the short- 
ness of the working day. 

But to come to the feature which differentiates them, — the subject 
of Electro-technics has developed at a rate which has left Opto- 
technics far behind. Within a comparatively short period it has 
managed to attain a position of such importance in the industrial 
world, that the position occupied by its elder sister — Opto-technics 
— seems in comparison small and unimportant. This is, of course, 
simply due to the fact that the ways in which electricity can be 
utilised are so much more numerous. Electricit}' gives power and 
light ; it facilitates the intercourse of human beings, and the 
transmission of objects and news; it reacts on chemical substances 
02 



and on the human organism. It is largely in retiuest, therefore, 
in the technical world. Light, it is true, does work also, and 
within very recent times we have succeeded in measuring the pres- 
sure of light radiation, and in determining the mechanical equiva- 
lents of light-sources. But in all the work light does, as, for 
instance, in bleaching, in accelerating growth, and the like, there 
is very little room for technical optics. Leaving these processes 
out of account, we are obliged to confess that light possesses prac- 
tically but one important property, which, however, can be made 
manifest in many and different ways : it enables us to see, and to 
produce images. Light, speaking from this point of view, does 
not create, it only reveals ; it is the handmaid, not of action, but 
of perception. The task of Opto-technics consists in extending 
the field of vision beyond the ordinary limitations of space and 
time, due, it may be, to the object being too small or too far distant 
to be seen clearly and distinguished from its surroundings, or 
of such a character that it does not stand out with sufficient 
relief. Again, it may be desired to fix brief and changing im- 
pressions permanentl}' on the photographic plate, or to measure 
not only what is seen, but even what by itself cannot be 
seen. We have thus the principal branches of Applied Op- 
tics, such as the Microscopic, Telescopic, Stereoscopic and 
Photographic, together with the Optics of IMeasuring In- 
struments ; besides these, however, there are numerous 
minor divisions. The subject is undoubtedly rich and varied, 
but it can scarcely be termed " practical," in the sense 
which the words " Practical Optics " seem to imply, if we leave out 
of account the manufacture of a few simple articles, such as 
spectacle glasses and the like, together with some applications of 
photography. This is due to the fact that it does not enter into the 
busy life of industrial production, being principally concerned 
with questions of abstract research. Some of its products, such as 
the range-finder or the butter refractometer, may serve practical 
purposes, but the most typical optical instvuments, such as micro- 
scopes and telescopes, field-glasses and photographic apparatus, 
are almost exclusively employed by the man of science, and by 
the amateur who wrishes either to perpetuate experience or to 
acquire knowledge. 

The similarity, as well as the dissimilarity, between Opto-technics 
and Electro-technics, can be clearly traced in the historv and 
development of two enterprises, each of w-hich has gained a leading 
position in its own particular field. We refer to the firms of 



Siemens and Halske in Berlin, and Carl Zeiss in Jena. Each 
started in the most modest manner, appealing for custom and 
support only to its own immediate neighbourhood, and each has 
developed into an undei'taking, the productions of which are to 
be found everywhere, from Upsala to Cape Town, from San Fran- 
cisco to Tokio. In both cases the gigantic development can be 
traced to the fact that a man, who, until that time had had no 
practical experience of the particular line of business, became con- 
nected with the concern ; in the first case it was the artillery of&cer, 
Werner Siemens, who joined Halske ; in the second it was the 
universit}' don, Ernst Abbe, who joined Carl Zeiss. In both cases 
the success achieved has been due to the scientific direction of 
highh'-technical skill. Both concerns were started in the same 
year, and to-day both are amongst the largest of their kind. Yet 
Siemens and Halske employ fifteen times as many workpeople as 
Carl Zeiss. The reason is obvious : amongst hundreds who desire 
to arrange their daily life as comfortably as possible, there is 
probabh' but one lover of the true and beautiful ; and amongst 
hundreds of lovers of the true and beautifvil, there is perhaps but 
one investigator. 

The fact that, in spite of all this, the Carl-Zeiss Works, to-day 
find constant employment for more than 1,350 people, including 
more than 20 scientific collaborators, and more than 80 engineers 
and foremen, is due to two apparently incompatible circumstances, 
— the perfection and variety of their productions. In the next 
chapter we shall show that under certain conditions these are not 
really so incompatible as they appear. 



Limits of the Application of the Principle 
of Sub-Division of Labour. 

IN order that an article may really excel, it must be the outcome 
of thorough theoretical knowledge, combined with great tech- 
nical skill, and this combination of qualifications can be 
secured only when its maker, or to be more accurate, everyone 
participating in its manufacture, devotes his whole experience, in- 
telligence and time, solely to the production of this one article. 
To construct, for example, a really perfect microscope, the mathe- 
matician who makes the calculations must be master of all the 



formula required for this purpose, even if he be not master of 
anything else. The phj-sicist must know everything about the 
paths of the rays within the microscope. Every individual work- 
man, whether he is engaged in making the eye-piece or the objec- 
tive, constructing the tube, or working on the mechanism which 
controls the movements of the instrument, must bring the ripest 
and best experience to his task. To put it shortly : the secret of 
success lies in the sub-division of labour. At Jena this has been 
carried as far as possible, with the result that everyone works only 
within a certain limited field, and in course of time becomes so 
expert, that no all-round man can, within that special field, com- 
pete with him. 

It may be said that the natural consequence of this principle, 
if applied to the whole undertaking, would be to limit its produc- 
tion to articles of a single kind, as, for example, microscopes. 
During the first forty years of the existence of the business of Carl 
Zeiss, this was indeed practically the case. It might be argued 
that this production of a single article only, constitutes likewise 
a kind of division of labour. The production of all other 
articles is left to other manufacturers, and the whole 
energy of every worker is bent towards producing, for 
example, the most perfect microscopes. But, after all, 
there is a limit Ijeyond which a principle cannot be carried 
without doing more harm than good. It is to Abbe's credit that 
he recognised that even the principle of the division of labour has 
its limits ; and the proud position occupied to-day by the Zeiss 
Works is due to his recognition of this fact at the right moment. 
The limit is reached, either when the number of people employed 
in the business becomes too large in comparison with the intrinsic 
importance of the only article produced, the demand for which, 
even if it does not entirely cease, may ^-et vary considerably ; or 
when the worker, suffering from the monotony of always having 
to work in the same groove, whether with hand or brain, has his 
mental vision thereby dulled for anything situated beyond his own 
narrow horizon, and loses the power of utilising at the right 
moment for his own particular purpose anything lying a little 
beyond his ordinary everyday path. 

The people at the head of the Carl-Zeiss enterprise, influenced 
by considerations of this kind, have, true to the proverb " Raxt irli, 
su roxf Irli,"* increased the number of articles manufactured; and 

*" To rest is to rust." 



no year now passes without the addition of one or more speciali- 
ties to their list. At the present time it is no longer possible to 
assert of any one of the principal articles produced, whether micro- 
scope, telescope, field-glass, photographic apparatus, or measuring 
instrument, that it is of greater importance than any of the otners. 
Each kind of instrument produced at Jena is none the less perfect 
because so many different kinds are now made there. It is to 
this all-round excellence that the firm owes its unique position. 
Rivals it has — rivals worthy of its steel — in one or other of the 
departments of its activity ; but taken as a whole, it is unrivalled. 



Early History of Optics. 

To appreciate rightly the real significance of the position 
occupied by the firm of Zeiss, some acquaintance at least 
with the history of practical optics is necessary. This 
history may be divided into three periods, of which the first and 
the last may be looked upon as scientific, whilst the intermediate 
period was empirical — a wave, as it were, with crests 
separated by a trough. In the first of these periods, 
when simple instruments were built in a simple fashion, the 
optician started from a scientific basis : He constructed his 
instruments in accordance with the simpler laws of geometrical 
optics. This was the method of the Arabs, and also of the earliest 
Western opticians, after the awakening due to the Renaissance. To 
speak allegorically, the people of that age attained to a certain 
elevation, which even if it was not a lofty one was the highest at 
that time within their reach. During the second period, opticians 
grew more ambitious, and attempted the solution of more intricate 
problems ; their knowledge, however, was unfortunately not com- 
mensurate with their desire for progress and, consequently, in 
course of time, they entirely lost sight of the means by which alone 
the desired end could be attained. Attempts were made to reach 
the goal whilst the means by which, alone, success could be com- 
manded were ignored ; science was neglected, and a period of tenta- 
tive and haphazard experiment set in. Amongst the many who 
buy lottery tickets there are always some who gain great prizes, for 
even a blind chicken, as the German proverb puts it, sometimes 
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finds a grain of corn ; wliat wonder then tliat even during that 
period some progress was made, although it scarcely needs saying 
that its extent and importance bore no relation to the number of 
the people who engaged in the work, the time spent, or the trouble 
taken. And the successes attained were, after all, but of minor 
importance : on these lines the real work could not be done or the 
true object achieved. 

Final success was reserved for the workers of the third period, 
the men who were clear-sighted enough to see that there was 
nothing further to be gained from the quagmire of haphazard ex- 
periment, and courageous enough to act up to their belief. Con- 
vinced that success, if it were to be attained at all, could be the 
outcome, not of mere chance, but only of the slow and laborious 
methods of scientific research, they determined to take their stand 
on the sure foundation of science, and to attack the problems to 
be solved by scientific methods, making sure of each step on the 
road before proceeding to the next. At first their voice was like 
that of one crying in the wilderness ; for a long time it fell on 
deaf and unwilling ears, but the time came when even the most 
unwilling were forced to listen. In some parts of the field, science 
asserted its sway sooner, in other parts later, but gradually it has 
triumphed all along the line, and to-day there can be no longer 
any doubt that the palm has been awarded to it. 

This is not the place to speak of the work of the pioneers — of 
what Fraunhofer and Herschel did for telescopic optics, Petzval 
and Steinheil for photographic optics, and others in other fields — 
at present we are only concerned with microscopy, and especially 
with the two men who have done so much to save this branch of 
optics from the slough into which it had fallen, and to the united 
action of whom the success of the Jena Works is due. We, of 
course, refer to Carl Zeiss and Ernst Abbe. 



The New^ Era of Microscope Construction. 

IN 1846, a small workshop for the manufacture of optical and 
other philosophical instruments, was opened by Carl Zeiss,* 
at Jena, the seat of the University of Thiiringen. Taken by 
itself, this circumstance would not have been of more than local in- 
terest, such a business being a necessary adjunct to the medical and 
natural-science faculties of every university. As a rule the proprietor 
of such a business is quite contented if he can earn a bare living 
by executing such orders as maj' fall to his share. Zeiss, however, 
although of a thoroughlj' modest disposition, did not happen to be 




Fig. 1. First Workshop in the Neugasse. Fig. 2. Second Workshop in the Wagnergasse. 



an easily-satisfied man ; he was one of those who ask more of life 
than the just-suf&cient and do not rest till they have obtained it. 
Time and place were well suited to breathe new life into the 
manufacture of philosophical instruments, and the study of practi- 
cal optics, between which such a close connection exists. In proof of 
this we need only mention the name of the Jena biologist, Jacob 
Schleiden, the first and famous advocate of the Cellular theory, then 
just beginning to flourish ; of his assistant Schacht ; and of the 



*CarI Zeiss, born September 11th, 1816, at Weimar, was the son of a toy- 
shop proprietor, who had, at one time, acted as instructor of turning to 
the Grand Duke Frederick. Having passed through all the forms of the 
classical school except the highest, Carl was apprenticed, and served his time 
in the mechanical and engineering trade at Weimar, Stuttgart, and Vienna. 
In 1846 he founded the firm of Carl Zeiss, which has since then developed 
to such an enormous extent. In 1881 the University of Jena conferred upon 
him the honorary degree of Doctor of Philosophy, in recognition of his services 
to science. He died December 3rd, 1888. 
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well-known teacher of medicine, Domrich. Not much assistance 
could be expected from the microscope apparatus of that time in 
solving the problems in which these and other leading scientists 
were interested. It was most probably the recognition of this fact, 
that induced Schleiden to persuade Zeiss to devote himself more 
and more to optics. Throughout the career of Zeiss, Schleiden 
followed his progress with active interest.* 

In the beginning everything went well. Zeiss manufactured 
microscopes, no better and no worse than those manufactured in 
well-known and old-established optical workshops, but as soon as 
he attempted to strike out on new lines he realised the deficiency 
of his equipment. He was, therefore, confronted with the necessity 
of deciding whether he should remain satisfied with the attainment 
of the common standard, or whether by calling in assistance he 
should make an attempt to meet more fully the requirements of 
modern science. To have chosen the second alternative, to try to 
steer his ship towards the open ocean, showed courage ; to try to 
do so, not by himself, but with the assistance of a pilot, showed 
wisdom ; and wisdom and courage combined attain an almost certain 
reward. 

Bvit the simile of a pilot, like every other simile, is only applic- 
able to a limited extent. A pilot is one who thoroughly knows the 
channels through which he has to guide the ship entrusted to his 
care ; but in the case in (juestion, the channels them- 
selves were unknown ; no course had as yet been mapped out. 
The experience necessary for the production of a microscope 
constructed on strictly scientific principles, had not as yet been 
attained bv anyone. The man required, therefore, was one who 
shovild combine with the necessary capacity and enthusiasm for the 
task a clear recognition of the fact that success could not be 
expected until after long and persistent labour, involving 
perhaps, the surmounting of great anJ unforeseen difficulties. 
Considering the unique qualifications required, it is not remark- 



*As early as the year 1857 Schleiden had given Zeiss a testimonial, in which 
he said : " Mr. Zeiss has asked me for a recommendation ; I really do not know 
why. ^ly testimony can only be valuable as a recommendation for his optical 
instruments, and these no longer require a reconniiendation from anyone. 
Mr. Zeiss states that his microscopes are at best but tentative experiments; 
his modesty is as much to his credit as his intelligence and skill. The optical 
parts of his instruments need not fear to enter into competition with the 
productions of old established firms. What he has already achieved justifies 
us in expecting that he will turn out instruments not only as good, but even 
better, than any that have heretofore been produced " 
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able that Carl Zeiss did not at first succeed in his quest. One 
pilot failed him before Ernst Abbe* stepped on board to steer the 
ship to the open sea of success. 

But to return to our subject. Even the best microscopes of 
the period we are referring to, although, of course, based 
upon the fundamental laws of geometrical optics, were but 
tentative productions. The necessary lenses for the eye- 
piece and the objective were first ground and polished, 
and then tested to ascertain the quality of the images of 
microscopic objects which they presented to the eye. In this way 
sufiicieirt knowledge and experience had been gradually accumu- 
lated to determine the shape of the lenses necessary to fulfil 
certain conditions, or, to be more accurate, to avoid certain defects, 
such as want of definition ; unequal magnification in the middle 
and towards the edges of the field of view ; coloured borders ; in- 
sufficient brightness and the like. When the dimensions of the 
lenses were altered with the object of avoiding one or the other 
of these defects, it was usually found, that even if the desired object 
had been attained, other defects had been rendered more pro- 
nounced. Further alterations were usually attended with much 
the same result. As a perfect optical image can only be obtained 
by the satisfaction of a great number of conditions, it is safe to 
assume that had matters progressed only along the lines indicated, 
centuries might have elapsed before the production of a single 
ideal microscope. It is indeed difficult to see how it could have 
been produced at any time except as the result of a fortuitous 
accident. 

There was only one way to abolish, once and for all, these trial- 
and-error methods, and that was to replace the rough approxima- 
tions to the ray-path by more exact mathematical determinations, 

*Eriist Abbe, born January 23rcl, 1840, was the son of a foreman in Eichel's 
spinning mill at Eisenbach. He studied at Jena and Gottingen, where he took 
his degree, taking for his thesis the subject of the mechanical equivalent of 
heat. He taught for some time at Frankfort-on-Main, and established him- 
self at .Jena, in 1863, as a university tutor in Mathematics, Physics, and 
Astronomy, taking for his treatise the subject of the estimation of errors. 
In 1865 he became connected with Zeiss, and in 1870 ho was appointed as an 
extraordinary professor. When in 1874 it was proposed to establish a physical 
institute at Jena, the charge of it, together with an ordinary professorship of 
physics, was offered to Abbe, but, situated as he then was, he was compelled 
to decline the offer. Abbe, who is also a member of many learned societies, 
has had the honorary degree of Doctor of Medicine conferred on him by the 
University of Halle, and the honorary degree of Doctor of Law by the 
University of Jena. In 1871 he married a daughter of his former teacher. 
Professor Snell, by whom he has had t^¥o daughters. 
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which, expressed in cast-iron formulfe, should enable the necessary 
structural elements of the lenses, such as thicknesses, diameters, 
radii of curvature, etc., to be exactly determined by calculation 
simply and alone. Only in this way, it was seen, could an instru- 
ment be produced free from all but absolutely unavoidable defects. 

It does not require much consideration to realise that formulae 
capable of satisfying, even approximately, these conditions, must 
be of a very intricate character ; and that the more closely the con- 
ditions are satisfied, the more intricate must the formulae become. 
Consequently the obvious mode of procedure was to start with a 
simple formula, representing, so to speak, a first approximation to 
the ideal, and then to proceed by successively closer approxima- 
tions towards the desired goal. 

But accurate formulae were not the only requisite for the attain- 
ment of the goal ; it was also necessary to so improve and develop 
the technical methods of making and constructing optical instru- 
ments as to render practicable the exact execution of precisely 
formulated tasks at all stages of the advance to the ideal. For 
instance, whilst the allowable deviation from a desired thickness, 
or a desired radius of curvature, might at first have amounted to 
a twentieth of the whole, it would probably have been necessary 
to reduce it in time to a fiftieth, a hundredth, or even less. 

To determine whether the accuracy obtained in optical work is 
really within the limits laid down requires very accurate methods 
of testing. Thus the most exact method of testing the curvature 
of a surface, the most important structural element to be obtained, 
is based upon the production of Newton's rings, which can be 
observed whenever two surfaces of slightly different degrees of 
curvature are laid one upon the other, and which disappear, when, 
as in testing, the curvature of the lens surface to be tested is 
exactly equal and opposite to that of the standard surface. 
Although this method of testing lenses was first applied by Fraun- 
hofer to the testing of telescope object-glasses, the credit of 
having introduced it at Jena must be given to August Lober — 
Jena's oldest foreman — a man who, by the facility with which he 
grappled with the most intricate and subtle technical difiiculties, 
contributed his full share to the development of the Jena Works. 
The perfecting of the methods of testing which have been gradually 
effected is of an importance which must not be undei'-estimated. 
Special apparatus has been devised for testing the curvatures, thick- 
nesses, and the centreing of lenses, the flatness of surfaces, and the 
distances between the different parts of a lens system. 
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But to return once more to our subject ; the scientific determina- 
tion in advance of the data to be adopted for the satisfying of 
the desired conditions. We have already shown, that were it only 
on account of the mathematical difficulties, the approach towards 
the ideal must be effected by slow steps ; that a beginning must be 
made with simple formulae, satisfying at first the principal con- 
ditions only, but which can be gradually modified to adapt them 
to satisfy further conditions. But one thing had to be insisted 
upon as a matter of principle. Right or wrong, the workman was 
called upon to work strictly to the theoretically determined 
measurements given to him. Whether the result was satisfactory 
or not, did not matter, so far as he was concerned, so long as it 
conformed accurately to the specification provided. 

But in this lay a great danger to the impatient reformer. It might 
happen — nay it was certain to happen — that the first products of the 
scientific method in optics — the results of the first approximation — 
would not be so perfect as the best products of the old and empirical 
method, which had long years of accumulated experience to fall 
back upon. This experience, it is true, was also in the possession 
of the workers at Jena, but as we have explained, they could no 
longer avail themselves of it. Our reformers, however, were pre- 
pared for initial failure. Instead of losing courage, they consoled 
themselves with the thought that no goal worth striving for had 
ever been reached at the first attempt ; and their belief in ultimate 
success was invincible. 

And now to appreciate fully the credit due to Carl Zeiss — 
nothing need be said of that due to Abbe — we must imagine a 
simple modest man, only dimly able to comprehend the talk around 
him, who, after listening all day to discussions about formulae, 
drawings and figures, by means of which new plans were to be 
realised, devoted his evenings to study, to fit himself as best he 
might, for a right understanding of the questions discussed ; a man 
whose business progressed fairl_v well, and would in all probability 
have continued to do so, and who yet, in spite of all this, was 
willing to run a risk, which, at that time especially, caused a 
universal shaking of heads. Practical men have never thought 
much of science, and, especially when considering difficult techni- 
cal problems, have always said : " Science cannot help us here." 
Even many years later a respected and learned writer on micro- 
scopy, who was intimately acquainted with one of the most expe- 
rienced opticians of the old school, and consequently knew the 
subject well, asserted that microscopes were too complicated to be 
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constructed in accordance with theoretical requirements. For a 
long time makers of optical instruments used to recommend tneir 
microscopes by stating that thej' were not like those made at Jena ; 




Fig. 3. Carl Zeiss. 



a recommendation which was not until much later changed into the 
opposite statement. 

It was, in itself, no small matter for a man with the educa- 
tional limitations of Zeiss to uphold, in opposition to the almost 
universal opinion of his time, unhesitatingly and courageously the 
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standard of science. And it must further be remembered that ho 
had already made one abortive attempt, and that even the second 
attempt, under Abbe's guidance, did not at first promise success. 
Consequently it did not seem at all improbable that he would, 
after repeated and long-continued sacrifices, find himself, with re- 
sources exhausted, face to face with ruin. If that had resulted, 
anyone speaking nowadays of the 
Jena Works of Messrs. Smith and 
Robinson, for the manufacture of 
optical instruments, would prob- 
ably say that its first proprietor 
was a certain Carl Zeiss, who 
ruined himself by embarking on 
Utopian projects. But Carl Zeiss 
did not ruin himself ; on tire 
contrary the unknown university 
mechanician became the world- 
renowned optician, and, as we 
shall see later on, attained to 
even greater heights. 

The best conception of the real 
eminence of Carl Zeiss is perhaps 
gained by comparing him with 
two men, both, individually con- 
sidered, so great that at the first 
glance such a comparison must 
appear absurd. But in making 
comparisons relative rather than 
absolute magnitude must be taken 
into account ; individuals cannot 
be truljr and fairly judged with- 
out regard being paid to the time 
and circumstances under which 
they lived and worked. 

The first comparison then is with Joseph Fraunhofer, the man 
who started life as a poor lens-grinder, and died one of the greatest 
of physicists and opticians. When we remember that Fraunhofer, 
nearly half a century before the time of Zeiss and Abbe, declared 
that success in practical optics could only be achieved by observing 
the most minute scientific precision, and carried out all his work 
in strict conformity with this principle, it almost seems as if 
the greater part of the praise which we have given to Zeiss and 




Fig. 4. Microscope Stand (1859). 
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Abbe was really his due, although his work, the construction of 
telescopes, lay in a different branch of optics. It might, at 
first sight, appear that they had only imitated his example and 
mechanically applied to the microscope the principles already 
applied by him to the telescope. But this was by no means the 
case. 

A careful survey of all the surrounding circumstances points to 
the conclusion, that while Fraunhofer's work may have suggested 
the application of the same guiding principle to the construction 
of the microscope, it could not possibly have offered any assist- 
ance in the actual realisation of the idea ; in spite of the seemingly 
close relation of the problems involved. This conclusion, which 
ma}' appear strange at first, is based on the essential difference, 
theoretical as well as practical, which exists between the two 
principal problems of practical optics, the telescope and the micro- 
scope ; a difference only recently recognised, and to the tardy 
recognition of which is due the fact that the problem of the scien- 
tific construction of the microscope still demanded a solution, even 
long after the corresponding problem for the telescope had been 
solved. 

The other individual with whom Zeiss may be compared, was 
occupied in a very different branch of industry — the manufacture 
of steel and iron, and more especially that of ordnance. We refer 
to Alfred Krupp. He too started in a very small way, and finallj- 
left all his rivals far behind. His success, like that of Zeiss, was 
largely due to the possession of mental faculties of a high order, 
which led him with iron perseverance to continue year after year 
his experiments, in the face of constantly-threatening ruin, but in 
the invincible belief that they must be successful sooner or later, 
since they were carried out in strict conformity with the dictates 
of science ; even down to the smallest details he had calculated 
beforehand the properties of his cast-steel tvibes. 
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Ernst Abbe. 

WE have drawn the mental image of a man who joined the 
great majority years ago. We have spoken of him "nil 
nisi heiie," not because the proverb wills it so, but because 
it has been impossible to speak otherwise. Now we turn to the 
survivor, and at the risk, perhaps, of showing some want of con- 
sideration for his wishes, make him the subject of our remarks. 
No proverb exists that forbids us from speaking well of the living. 
We shall but state the facts, we shall say only what must be said 
to give an accurate and faithful account of the foundation of the 
Jena Works. 

Whilst it is doubtless true that the great firm of Carl Zeiss would 
not now exist if it had not been for the personality, intelligence, 
and character of its founder, it is, notwithstanding, equally true 
that it could not have become what it is without the co-opera- 
tion of Abbe. No one asserts that Zeiss alone could have 
achieved so much. He, however, found in Abbe just the one man 
who understood the problem to be attacked, comprehended its im- 
portance, and being rarely gifted for the work, was willing to 
devote to it the whole of his great powers. Truly it was a disposi- 
tion of Providence that induced Zeiss to look close at hand rather 
than afar for the man he wanted. If his mind had run in the 
ordinary grooves of the shrewd business man, he would probably 
have obtained a list of all the men vfho had already gained, either 
at home or abroad, a reputation as workers in the field of practical 
optics, and from it have chosen the most eminent. Abbe's name, 
however, would not have been included in such a list, because up 
to that time his interest had been in theoretical optics only. It 
is not, of course, possible to state definitely what course events 
would have taken if Zeiss had acted in this way, but it is difficult 
to believe that any success which might have been achieved could 
have equalled that actually achieved, and this for a reason which 
m.ay at first appear paradoxical : Abbe was ignorant of practical 
optics. It is doubtless true that the great majority of problems, 
the solutions of which are mile-stones on the road of progress, 
need to be attacked by experts of specialised experience and train- 
ing ; but it is equally true that the very greatest of all, those that 
are of epoch-making importance, form an exception to the rule. 
They are most likely to be successfully overcome by men who 
bring a fresh mind to the task, a mind unfettered by rules, and 
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one that is not, by too great a deference to authority, prevented 
from accepting its own conclusions.* In tliis connection it is onl)- 
necessary to mention Faraday and magnetic induction ; Fraun- 
hofer and spectrum analysis ; Mayer and the conservation of 
energy. 

There still remains to be taken into account something that 
concerns less the intellectual than the purely human aspect. It 
is not every man that could have worked in such complete harmony 
as Abbe did, wdth a man so different in nature and so differently 
trained as Zeiss was. Not only did he succeed in doing this, but he 
at the same time inspired him and the entire stafi of the firm with 
enthusiasm to undertake strange and unpromising tasks. Onlv a 
man capable of employing his whole intellectual superiority for the 
accomplishment of his end, whilst at the same time pre- 
venting his fellow-workers from feeling this superiority in the 
most distant manner, could have succeeded in such an under- 
taking. There are chapters in the history of practical optics, the 
tragedy of which is due to the fact that the theorist and the prac- 
tical nran were not in the long run willing to sink their separate 
individualities in the presence of their great task. Zeiss and 
Abbe, on the other hand, supply a remarkable instance of the 
possibility of co-operation between two totally diverse characters, 
and of the signal success thus obtainable. It is difficult to say 
which is more worth}- of admiration ; the manner in which the 
experienced man of business approached the young scientist, or 
that in which the deep thinker met the simple man of action ; both 
working hand in hand to reach the desired goal, single-minded, 
with but one object before them. 



"^Tlie following circumstance supplies an interesting iUustration of our 
theory: Helniholtz had already pondered over the problem of the microscope, 
but had contented himself with the result that there was an inexplicable contra- 
diction between the facts and the theory. Me could not find any concealed 
error, and it did not strike him that the whole liasis of the theory might be 
wrong. He was very nuich surprised when he heard about Abbe's work, and 
went .specially to Jena to have it more clearly explained to him. 
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The Formation of Images of Non- Luminous 

Objects. 

IN the preceding chapter we gave a general outline of the extent 
of Abbe's activity ; in this one we shall consider somewhat 
more in detail his influence on the theory and practice of 
microscope construction. 

We know that the problem which confronted Abbe was the theo- 
retical determination in advance, of the data required for the 
construction of microscope systems, so that there should remain 
no longer any necessity for the experimental trial-and-error grop- 
ings of the lens grinder and polisher. We know further that 
prudence required that the problem should, at least at first, be 
narrowed and simplified as much as possible, by taking into con- 
sideration only conditions under which the path of the ray is, in 
theorj", relatively simple. It had long been supposed that these 
conditions obtain, when very narrow pencils only are considered — 
pencils in which the marginal pai'ts are stopped out b}' small 
diaphragms. But when Abbe, starting with this assumption — and 
none other was known at the time — began to calculate, to con- 
struct, and then to observe, he soon found that there was an error 
somewhere, because not only did the microscope images not become 
better with the narrowing of the diaphragms, but, on the contrary, 
they became worse and finally disappeared altogether, although 
there could be no doubt as to the sufficiency of the light employed. 

There was only one possible conclusion that could be drawn 
from these results, but to draw it required a courage and inde- 
pendence in scientific questions so great as to be but rarely found 
even amongst the most eminent intellectually. Even Helmholtz, 
who when engaged on the same subject, found that the facts and 
the theory did not agree, accepted the contradiction as something 
which could not be explained. Abbe did not. He boldly main- 
tained that the old and time-honoured theory of the formation of 
microscope images was wrong. Thus far his criticism was des- 
tructive rather than constructive, but he did not stop here. To 
the inquiry why is the theory false, and what is the correct one ? 
Abbe gave a remarkable reply. Nothing characterises the man 
more than the fact that he, who undoubtedly felt that science was 
indebted to him for a great step forward, kept his discovery, the 
announcement of which would have gained him fame near and far, 
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secret, only anxious to apply the principle discovered to 
the construction of his microscope. It is due to this fact that 
his theory, which dates from 1870, did not become known in 
scientific circles until many years later, and great was the astonish- 
ment of those who witnessed his experiments at the Congress of 
German Scientists at Halle, in 1891, when they were told that the 
discovery was already more than twenty years old.* 

What is the new theory? As we are not writing for scientists 
we can state it in general terms only. 

It has been known since Fraunhofer's time that the more deli- 
cate details of an image, projected by a lens or a mirror, are not 
determined strictly in accordance with the laws of geometrical 
optics, that is, they do not depend solely on the path of the ray, 
as calculated by the laws of refraction and reflection, but are in- 
fluenced also by the diffraction effects due to the wave character 
of light. 

A mirror or a lens may be looked upon in the first instance as 
an obstacle to the march of the train of ether-waves originating 
from a self-luminous point. They interfere with this march in 
a somewhat similar way to that in which a rock in the sea inter- 
feres with the progress of the waves ; or as a freshly-tilled field 
with the manoeuvring of soldiers. The object of the optician is 
to so choose and design these obstacles that the trains of ether- 
waves are not, as it were, shattered and destroyed by striking 
them, but are simply transformed into other trains of ether-waves 



*Abl)e published in 1873 a "Preliminary Xotice " in llax Schnltze's "Arohiv 
fill' milvro.scopisclie Anatomie." The printing of a complete account was 
liegun in 1881, but was never published, because of tlie absorption of Abbe's 
time and interest by the production of the new glasses. Consequently the 
lirst complete and popular account of the theory is the one given in the 2nd 
edition of Dippel's "Manual of ilicroscopy." A strictly scientific exposition, 
read by Ablie to a small circle of his students has, as yet, not been published. 
We may here state that Abbe, in accordance with his whole view of life, and 
in the strain and stress of a very active career, did not attach much import- 
ance to the publication of his studies and discoveries, especially as there did 
not at that time exist, at all events in Germany, either suitable organs for 
the publication of articles dealing with such subjects, or a sufficiently large 
number of appreciative readers. It is therefore satisfactory to know that 
the void, which had increasingly made itself felt as time went on, has been 
practically filled up by the publication of the three following works : — 

1. 'I'heorii of Optical histnimenls. S. Czapski. Breslau, 1893. A second and 
enlarged edition is in the press. (This book forms also I'art I. of Vol. VI. of 
Winkelmann's Manual of I'lii/xics). 

2. The Collected Papers of Juiiat Abhe. Vol.1. Jena, 1901. 

3. Tlw Theory of Optical Iiutrumeiils. Vol. I. The Theory of the For}iiation of 
/m((r/<'N c'l'.. edited by M. V. Eohr. Berlin, 1901. 
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converging to a new centre or point, whicli is tlie image of tlie 
point from which the first waves originated. After passing this image 
point, the waves again spread out, in a similar manner to that in 
which the waves spread out from the first luminous point. Simi- 
larly, but yet somewhat differently, more exact experimental obser- 
vation shows that the smaller the angular magnitude of the cones de- 
scribed by the efTective waves originating from the first centre, which 
are obstructed, diffracted, and transformed into a new series of waves 
with another centre by the lenses or mirrors, the less likely is the 
new centre to resemble a point, and the more likely it is to develope 
into a disc-like surface. To adopt the language of the theory of 
the formation of images : the smaller the angular aperture of the 
system the more indistinct, wanting in detail and coarse-grained 
the image will be ; on the other hand, the greater the angular 
aperture, the more distinct, rich in detail and fine-grained will be 
the image. It follows from this that it is impossible to expect 
any image ever to be absolutely perfect, point like, and showing 
new detail for ever}' increase of the magnification, because even an 
angular aperture of 180° gives an image with a certain amovint of 
grain. 

It is to Helmholtz that credit is due for appl}'ing these con- 
siderations to the stud)' of the microscope system, the angular 
aperture of which, on account of its magnitude — it may be as great 
as 180° — renders it difiioult to determine mathematically the optical 
action of the system. Some of his mathematical results showed a 
surprising disagreement with experimental facts, a result for which 
he was unable to give any explanation. 

The great discovery shortly before made by Abbe, consisted in 
the recognition of the fact that in the ordinary use of the micro- 
scope, the individual points of the object cannot be considered as 
independent sources of ether-waves, because, since the microscopic 
objects are examined with the aid of transmitted light, it follows 
that the wave centres are situated not in the microscopic objects, 
but in the real source of light, that is to say, in the flame of the 
lamp used, as a consequence of which " diffraction " is produced, 
primarily by the object. We cannot here explain how 
Abbe has developed this theory — a theory which at the first glance, 
seems to introduce an extraordinary number of complications — in 
such a manner that the influence of all the determining factors, 
the source of light, the object, the optical system and especially 
the angle of aperture, can be recognised clearly and accurately. 
We can only say, that the extent to which the light waves, diffracted 
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by the object, enter into the formation of the image depends on 
the angular aperture of the system, upon which also the distinct- 
ness of the image depends. 

But in the microscope — in the production of images of non- 





Fig. .5. 
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luminous objects — we encounter a further phenomenon which con- 
stitutes the new and really interesting part of the discovery. In 
consequence of part only of the waves, originating in the source 
of light, participating in the diffraction process the image obtained 



23 

is not only indistinct, but in many cases is quite different from 
the object. This was shown in a striking way in the experiments 
made at Halle by means of a stop in the upper focal plane of the 
objective, which artificially cut off some of the rays of the light 
usually utilised for the formation of an image of an object. In 
this way a ruled screen (1), Fig. 5, can be imaged as a uniform 
and undifferentiated gray surface (4), by using the stop (3) to cut 
out, as shown, part of the diffraction pattern (2) found in the 
upper focal plane of the objective ; the image of a screen (1), 
Fig. 6, can be changed similarly to one in which the 
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width of the intervals is iialved (4), Ijy the use of a stop 
(3) ; or a cross-ruled screen (1), Fig. 7, may be imaged as a 
number of diagonal lines (4), by the use of a stop (3). 
These effects are due to the fact that the different parts of an image 
do not originate from individual rays, but that all the rays assist in 
producing each and every part of the image, and therefore, if some 
of the rays are cut off, not part only, but the whole of the image 
suffers. It is tlierefore no longer surprising that the older types 
of microsoojje systems produced only distorted images, breaking up, 
as they did, the systems of light waves. That this does not occur 
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to a greater extent than the nature of light renders unavoidable, 
constitutes the principal advantage of the new over the older micro- 
scope systems. 

But this advantage could only be realised, firstly, by using 
objective systems of much greater optical perfection to allow of 
the employment of greater angular apertures, and, secondly, by 
effecting a whole series of secondary improvements, of which we 
can here refer to one only — Abbe's illuminating apparatus. This 
apparatus makes it possible to change arbitrarily within certain 
wide limits the apertures as well as the directions of the incident 
cones of illuminating rays, and thus utilise to the full the capacity 
of the perfected objective systems. 



The NcAv Glass. 

HITHERTO we have nnly discussed the forms which the 
lenses should have to give the best possible images. But 
the path of the light depends on still another factor, 
namely, on the material of which the lenses are made. It may 
be said that many words need not be wasted on this subject, as 
glass is tlie only possible material. But this, as we shall see, 
would not be quite correct, although by far the greatest number 
of lenses are made of glass. The real cause of misunderstanding 
lies, however, in the use of the word " glass." If it is said that an 
object is made of metal, the question is put : " What metal! copper 
or iron, bronze or brass V JMetals are of the most diverse character. 
The word " metal " is simply a generic term. That the same is true 
of the word "glass" is scarcely so well known. Glass is manufactured 
by melting together minerals, acids, oxides, earths and similar 
substances, and the number of the different kinds is quite as great 
as that of the metals. Of course, not all substances melted together 
produce glass ; and those which do. must be mixed in certain 
definite proportions. In many cases crystals are formed, but it 
is a characteristic feature of glass that it is amorphous or non- 
crystalline. Even when glass is obtained, it is sometimes of such 
a kind that it cannot be used, at all events for optical purposes. 
It may not be durable, or sufficiently transparent, or sufficiently 
colourless. But granting all this, there still remain thousands of 
possible combinations of materials capable of producing glass. 
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The number of different kinds of glass made by glass manufactu- 
rers prior to the latter portion of the 19th century was, notwithstand- 
ing, very limited. Practically only two kinds were made, crown glass 
and flint glass, both of them consisting principally of silicic 
acid, soda and potash, to which, for flint glass, lead oxide was 
added. In crown glass, the refractive power and the dispersion are 
both weak, whilst in flint glass, on the other hand, both are very 
pronounced. As the specific gravity of flint glass is at the same 
time greater than that of crown glass, a fact due to the added lead, 
it was generally believed until lately, that the heavier the glass, 
the higher must be its refractive index, and vice versa. 
By manufacturing different varieties of these two principal types, 
it became possible to arrange, between the lightest crown and the 
densest flint glass, a progressive, if incomplete, series ranging 
from the weakest to the most powerful refraction and dispersion 
(Fig. 9.) The dispersion was, however, in most cases, of a very 
uneven character, that is to say, the different kinds of glass pro- 
duced spectra, the different parts of which were unequally extended. 
Although it had long been clear that the optician required a 
much more extensive series to choose from, the glass manufacturer 
coiild not be brought to place new products on the market. It 
is easy enough to understand this state of affairs when it is borne 
in mind that the amount of glass required for optical purposes was, 
and is, so insignificant in comparison with the total amount of 
glass used, that any enterprise in this direction did not seem to 
jjromise financially advantageous results. The opticians them- 
selves had therefore to take the first step. And in this connection 
the name of the gifted Fraunhofer should be placed foremost among 
the precursors of Jena. Having been put upon the right track 
by the Franco-Swiss Guinand, Fraunhofer prosecuted his investi- 
gations with so much success that in all probability he would have 
solved the problem, if an untimely death had not put an end to 
his labours. Attempts were also made in England, but they did 
not lead to any result, and it may in consequence safely be said 
that at the time wdien Abbe first attacked the question of the 
improvement of the microscope, the technical position of optical 
glass-making was as low as it had been for generations. 

During his investigations Abbe often found himself in a position 
to say that a highly efficient microscope could be constructed with 
such and such lenses, if they could be made of such and such 
glasses. Pairs of glasses characterised by a uniform dispersion 
in all parts of the spectrum would, for instance, have made it pos- 
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sible to obtain quite achromatic images by suitable lens combina- 
tions. Valuable results could also have been achieved with com- 
binations of glasses having sti'ong refracting and weak dispersing 
powers. These glasses were, however, unknown. 

" For years " — so Abbe relates, speaking of his and Zeiss' work — 
" we carried on, in addition to our actual work, investigations of 
constructions of imaginary and non-existent glasses, and discussed 
the progress which might become possible if the producer of the 
raw glass could only be made to take an interest in higher optical 
problems." To test his views Abbe made experiments with liquid 
lenses, which could easily be so chosen as to have optical properties 
approximating to those of the glasses desired ; experiments which 
were successful, but for easily understood reasons, could not 
find any practical application, and only strengthened the desire 
for the actual production of suitable glasses. 



Otto Schott. 

UX FORTUNATELY the manufacturers of optical glass were 
not interested in the higher problems : they continued, as 
hitherto, to make only such fluxes as could easily be 
melted, and they classified them according to weight, 
just as if they were intended for ships' ballast, as 
Abbe sarcastically remarked. But in spite of all this, 
the time devoted to the study of non-existent systems was not 
wasted ; the desire to secure the actual realisation of results, at the 
lime existiiig only in the imagination, grew greater and greater, 
and, as might have been expected, the problems themselves became 
more and more clear and comprehensible. And in the end the 
voice of the one who had so long cried in vain aroused an answer- 
ing echo. A report on the state of microscopic optics, written by 
Abbe in 1876, on the occasion of an exhibition of scientific appara- 
tus in London, in which he loudly bewailed the fact that the prac- 
tical optician had at his disposal a fully-developed theory 
and thoroughly-tested practice — everything, in fact, except 
suitable glasses for the consti-uction of the necessary 
lenses, led one of Abbe's readers to come forward and 
declare his willingness to undertake the work. This 
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was Dr. Otto Schott,* of Witten, ia Westphalia, who, both by 
education and family tradition, had acquired a thorough knowledge 
of the glass industrj^. Keeping in mind the uncertainty of a 
successful issue and the probability that success, even if it should 
come, would not result in a.nj great material advantage, one may 
safely assume that he was tempted to undertake the work solely 
by a desire to effect the solution of a problem repeatedly attacked 
in vain. Remembering this, one is justified in placing Schott on 
the same level as the two idealists, Zeiss and Abbe ; even after it 
has been shown that the assumption of the improbability of mate- 
rial success was not justified, and that scientific glass manufacture 
was a much more profitable undertaking than could have been 
expected. It is not necessary that an idealist, in the best sense of 
the word, should renounce material success once and for ever ; he 
who does so for a time only, harbouring idealistic thoughts which 
he is convinced will sooner or later become a reality, and who, 
when that has come to pass, enjoys the realisation of his long- 
deferred hopes, is in the highest degree an idealist. From this 
standpoint we are justified in concluding that the greatest idealist 
is at the same time the most successful practical man, and both 
Ernst Abbe and Otto Schott, each in his sphere, belong to this 
class. 

Impelled b^^ the reading of Abbe's report, Schott communicated 
with him in 1881, and together with him drew up a comprehensive 
scheme for the work to be undertaken. The first experimental 
meltings were carried out by Schott, at Witten, on a very small 
scale, 20 to 60 grams at a time, but including, as far as possible, 
all chemical elements which form vitreous compounds. The 
samples obtained were tested by Abbe, or by his assistant, Dr. 
Eiedel, by means of a spectrometer (Fig. 8), specially designed for 
the purpose by Abbe. It very soon became possible to trace a 
certain relationship between the chemical composition of 
a glass and its optical properties, and this fact enabled 
the work to be carried on systematically. Schott re- 
moved to Jena in 1882, and, assisted by Carl Zeiss 
and Zeiss' son, Roderich, prosecuted his experiments on 
a larger scale. Perhaps, even then, it might not have been 



*Otto Schott, born in 1851, at Witten, studied at Aix-la-C'liapelle, Wiirzhurt; 
and Leipsic, from 1870 to 1875; took his degree at Leipsic with a dissertation 
deahng with the manufacture of window glass, and has since then been en- 
gaged in chemical works, some of which he started and organised in Spain 
and Scotland. 
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possible to cai-iy the expei-iments far enough to permit of the 
beginning of regular industrial production, except for the aid 
afforded by a special grant from the Prussian Ministry of Educa- 
tion, at that time presided over by Herr von Gossler. The Ministry 
in question, influenced by the continued efforts of Abbe and of a 
number of Berlin scientists and technologists, among whom 
may be mentioned Carl Bamberg, Wilhelm Forster, and 
Wehrenpfennig, willingly gave a large sum for this par- 
ticular purpose. This liberality is deserving of the highest 
praise, especially as the offer was not withdrawn in spite 




Fig. 8. Abbe's Spectrometer. 

of Schott's refusal to accept the condition of removal to Berlin, 
a condition rejected bj' him because he did not wish to part 
company with Abbe and Jena. And if, looking backwards, we 
consider the course events would probably have taken if Schott 
had been tempted by the attractions of a large town to accept this 
condition, we cannot but feel intense satisfaction at the course of 
events. The co-operation of Abbe and Schott, their mutual influ- 
ence and helpfulness had a most beneficial effect. To-day it is 
difficult to think of the Optical Works without the Glass Works, or 
vice versa. 

In the autumn of 1884 the Glass Works started operations under 
the name of " Glastechnisches Laboratorium Schott und Genossen," 
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and as early as 1886 the first catalogue of glasses was published. 
It contained a large number of new varieties, especially Baryta, 
Borate, Phosphate and Zinc glasses, by means of which most of 
the requirements of the optician could be satisfied. Consequently 
we are justified in looking upon the publication of this price list 
as the beginning of a new era, not only for microscope construc- 
tion, but for the construction of all kinds of optical apparatus. 
It is impossible to give in this place a complete account of the 
commercial development of the Glass Works — some cursory 































/^ 




























/ 




























/ 




























/ 


> 


























. 




























/ 




























/ 


/ 




























/ 


























w 




























/ 


/ 




o 
























/ 


























i 


, / 


























o 
o 






o 










o 


o 












/ 










o 


















• / 




• 
























•/' 


• 





























0-025 



0-020 



0-015 



0-010 



1-50 



1-55 1-60 

••" Eefraetive Index 



i-e5 



Fig. 9. Comparison of the old, (a), and the new (q), glasses. 

(In the old glasses the dispersion varies approximately 

as the retractive index). 

remarks must suffice. Optical glass, so far as quantity is 
concerned, has long ceased to be the principal product 
of the Works, the greater part of the outjjut now con- 
sisting of such articles as glass chimneys for lamps ; glass for 
thermometers and other tubes ; glass capable of resisting sudden 
and great variations of temperature for scientific instruments 
and the like. Nevertheless, the production of optical glass 
has not been neglected. The field of activity has, in fact, been 
latterl}^ extended in various directions. Three problems in par- 
ticular must be mentioned, two of which have already been solved, 
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while the third is Hearing solution. All are concerned with tne 
transparency of glass. The first has reference to the production 
of a glass which is colourless, according to a more exact interpre- 
tation of the term, that is to say, which transmits all rays of the 
spectrum in equal proportion. Ordinary crown-glass always has 
a greenish, flint-glass a yellowish tint, and even the earlier products 
of the Jena Works had more colour than was desirable for the 
purposes for Avhich they were intended. Latterly, however, the 
Works have succeeded in producing certain kinds of borosilicate 
and baryta-glasses, which satisfy all the requirements, as to absence 
of colour, in the highest degree. The second problem, to the 
solution of which Dr. Zschimmer has considerably contributed, 
refers to the production of a glass which, without taking any 
account of its action on the visible rays of the spectrum, is dis- 
tinguished by its relation to the rays which lie beyond the 
violet of the visible part of the spectrum, and which on that 
account are called ultra-violet rays. The old kinds of glass absorb 
the greater part of these rays, whilst the new kinds permit a com- 
paratively large proportion of them to pass. They can therefore 
be used for man}' purposes — in photography, for instance, instead 
of the crystals, quartz and fluor spar, which have hitherto been 
used, and compared with which they possess many advantages 
besides that f>f cheapness. We shall again have occasion to refer 
to this subject when dealing with the astronomical department. 
Tlie third problem concerns itself with the production of glasses 
with cjuite different optical properties, that is to say, coloured 
glasses. Coloured glasses, no doubt, exist in great variety, but 
the glasses we are here concerned with are those that transmit cer- 
tain definite parts of the spectrum — one kind of glass one part and 
another kind of glass another part. The investigations which, as 
already stated, are not yet complete, promise to give glasses of 
great value for perfecting the photography of objects in natural 
colours. 

The principal difficulties to be contended against in all such 
experiments as we have referred to, lies in the fact that the glasses 
produced possess, in addition to the qualities desired, others not so 
desirable. If the latter interfere seriously with the purpose for 
which the glass is intended it becomes necessary to get rid of 
them. One serious defect is the presence of strife in the material ; 
another, the existence of stresses in the glass, which mav even 
cause it to burst. The latter defect can only be overcome bv re- 
melting the glass and cooling it in the most careful manner — oper- 
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ations which have been brought to a high degree of perfection at 
Jena. But besides the defects mentioned, there are others, wliich, 
although they militate against the appearance of the glass, from 
an sesthetic point of view, do not interfere with its optical value. 
The inclusion, for instance, of small air bubbles in the glass, whilst 
quite unavoidable under certain circumstances, does not in any 
way interfere with the performance of lenses used for astronomical, 
photographic, and many other purposes. 

We have now reached the point where we must extend the scope 
of our inquiry to follow the extension of the operations of the 
Optical Works, which took place at about this time, and which 
was largely clue to the possibilities which the possession of the 
new glasses gave birth to. 

The historv of the enterprise may be divided into three 
periods — a period of infancy, lasting from 1846 to 1872, which 
was ended by the realisation of Abbe's theory ; a period of maturity, 
which began in 1889 ; and between these dates, from 1872 to 18b:>, 
a period of transition characterised by (1) the development of the 
technique of the microscope (homogeneous immersion 1879, apro- 
chromatic objectives 1886, etc.), and (2) by the change from the 
method of production by individual workmen to the system of 
organised industrial production on a large scale. The increase of 
the business was a result of the increased perfection of the work 
done, and in its train followed the sub-division of labour, the start- 
ing of subsidiary departments for facilitating labour and, finallj^, 
the extension of the programme. (See appendix). 



The Extension of the Scheme. 

ALTHOUGH, as will be seen from the tables at the end of 
the book, the growing reputation of the microscopes made 
at Jena brought in course of time an increase of work, 
and with it an increase in the number of people employed, the 
character of the business remained very much the same during the 
first tortj years of its existence. Towards the end of the seven- 
ties, however, everything changed at once. The workshop became 
a factory which, instead of producing microscopical apparatus 
only, soon embraced the whole field of practical optics, constantly 
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extending its operations in new directions. After Carl Zeiss 
had begun to show signs of age and decay, the work devolved more 
and more on Abbe alone. It became, iinder these circumstances, 
a matter of vital importance to find assistants who could either take 
an active share in the management, or who were fitted to become 
the heads of the various departments that were successively added 
to the business. Amongst the men who took an active part in 
making the place what it is, four are deserving of special mention. 

Roderich Zeiss, the son of 
the founder, placed the busi- 
ness on a sound commercial 
basis, and during the short 
time he was connected with 
it (he retired in 1889) assisted 
with great zeal in its tech- 
nical development. 

Siegfried Czapski,* on 
Helmholtz' advice, came to 
Jena when still very young, 
and by his ability and his 
ready grasp of the problems 
with which he was con- 
fronted, soon convinced 
Abbe, to whom he acted as 
assistant, that in him he had 
found the right man to take 
an active and independent 
share in the management of 
"— — ^ — - — - the enterprise. The manner 

1 1,. 10 Miuoscope Stand (18S8-';iO). ^„ ^^,i_,^pj^ Czapski has justified 

Abbe's confidence deserves the warmest praise, the more so as in 
manv respects his position was an ungrateful one, and for this 
reason : Whilst those whose names we have, or will in the future, 
mention can l:ie connected definitely with certain specific 
achievements and successes, in Czapski's case this can only 
be done in but few instances. And yet he has had a 
decisive share in almost everything which has made the reputation 
of Carl Zeiss what it is. That he was able to take such a pait 




*Siegtried CzapsUi, l)orn in 1861 at 01)ra, in Posen, studied at Gottingen, 
Breslau and Berlin, where he took his degree with a thesis on a therino- 
electrical subject suggested by Helmholtz. 
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was due not only to his clear mental grasp of the scientific prin- 
ciples involved in the solution of the problems with which he 
had to deal, which has iiifei- (ilia enabled him to give the first 
comprehensive exposition of Abbe's geometric optics, or to his 
insight of the technical and administrative questions on 
which depended the carrying out of the problems, but largely, 
also to the amiable and genial manner with which he approached 
all concerned in the work. 

Max Fischer, after having accumulated considerable experience 
at home and abroad, undertook, in 1890, the task of consolidating 
and extending the commercial side of the business ; a task the 
difiiculties of which, in the case of an enterprise developing at 
such a rapid rate are certainly not to be under-rated. 

Rudolf Straubel, after the completion of his university course, 
first became an assistant at the Physical Institute of the University 
of Jena. He began to teach in 1893, and in 1897 was appointed 
a professor. His interest in Optics is doul^tless traceable to the 
intimate friendship which, ever since his student days, has existed 
between him and Abbe. His writings relate chiefly to diffraction 
phenomena. Long before his accession to the staff of the Optical 
Works in 1901, he had become, to an ever-increasing extent, a 
confidant of the Firm. In 1903 he became a member of the Board 
of Management without, however, resigning his university position. 
This fact deserves to be specially mentioned, as it is a typical 
example of the intimate connection which has always existed be- 
tween science and the enterprise. Besides Abbe and Straubel, 
another member of the Carl-Zeiss staff, Dr. Ambronn, is also a 
professor of the University 
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The Microscope Department. 

WE must now consider a little more in detail those distinct 
departments of the establishment which have been de- 
veloped since it became a large industrial concern. We 
shall take them in the following order : — 
1. — The microscope department. 

2. — The optical-projection and photomicrographic department. 
3. — The photographic department. 
4. — The astronomical department. 
5. — The terrestrial-telescope department. 
6. — The measuring-instrument department. 

It is only right that we should start with the microscope depart- 
ment, from which the whole gigantic undertaking may be said to 

have sprung, and which is 

now under the supervision of 
Professor Ambronn and Dr. 
M. von. Eohr. We have 
already referred to the 
manner in which the funda- 
mental problem of the deter- 
mination of the ray-paths, 
taking diffraction into ac- 
count, was solved. Leaving 
this then out of consideration, we must mention: — 

1. — Tlie iiriiiri pie nf lioniDiji'iieonx ininicrsion. The fact that rays 
of light in passing from the object, on the stage of 
a microscope, to the objective have to pass through two 
media — the cover-glass, which is indispensable for the 
protection of the object, and the layer of air between the cover- 
glass and the objective — always interferes with the formation of 
bright and sharply-defined images. It brings abovit loss of light, 
ill-defined images and reflection phenomena. These defects can 
be overcome by replacing the layer of air by a liquid, as water 
(Amici, 1840; Hartnack, 1855), glycerine (Gundlach, 1867), 
diflerent kinds of oil (Amici, 1860), or, as Stephenson and Abbe 
proposed in 1878, by a licjuid, the refractive index of which is the 
same as that of the glass employed for the cover-glass and for the 
front lens of the objective. The name " homogeneous immersion " 
was given to the system, in which optical continuitv is thus oh- 




Fig. n . Two forms of homof::eneous- 
immersion objectives (4 -■ ). 
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tained, to distinguish it from the dry and from tire ordinary im- 
mersion systems. Cedar oil, the liquid proposed hj Abbe, is the 
one most often emploj-ed. 

2. — The apor])rt}matic ohjertlve <Jue to Ahhp, 1SS6. Although the 
dispersion due to refrac- 
tion in the usual achro- 
matic crown and flint 
glass systems is neutral- 
ised roughly, and to a first 
approximation, the second- 
ary spectrum is not got 
rid of. We already 
know that to overcome 
this difficulty, we must 
have recourse to the new 




Fig. 12. Apochromatie objective (2Jx). 



glasses. Some of the lens combinations containing the new glasses 
are called " new achromats," or, as the chromatic aberrations are 
practicallv neutralised in the eccentric parts of the inrage by the 
use of special compensating oculars. " apochromats." 

The image of a microscopic object, as seen through one of these 



Fig. 13. The upper 
diagram shows the 
result of superposing 
spectra produced by a 
pair of old glasses — 
crown and flint, re- 
spectively. It will be 
noticed that although 
the Fraunhofer lines 
B and F coincide, the 
lines C, I> and E do 
not. The lower dia- 
gram shows the re- 
sult given by a pro- 
perly selected pair of 
the new glasses. The 
coincidence through- 
out the spectrum, 
which is nearly per- 
fect, results in the 
practical abolition of 
the secondary spec- 
trum. 
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apochromatie homogeneous-immersion lenses, is brighter, better de- 
fined, and more true in colour than could at one time have even 
been hoped for. On the other hand these systems are very 
complicated, the objective alone. Fig. 12, consisting usually of 

E2 
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ten different lenses, some of them free and others cemented to- 
gether. 

Not all the lenses of these objectives are made of glass. Some 
are made of fluor-spar, a natural mineral which on account of its 
peculiar optical properties cannot very well be replaced by any 
other kind of glass. Fluor-spar is very common is nature, but much 
trouble and labour was needed to collect a sufficient quantity of 
satisfactory optical quality. 

From the large number of other inventions to which reference 
miight be made, we can only select : — 

3. — Ahhe's (■(niilenxcr or illuiiiiiiatiiiii a pparatus, already spoken of 

in an earlier chapter, which satis- 
fies the highest demands which 
SJ _'^llLi "^^1 1 ''^'^ '^^ made on apparatus for 

I , |«ll!ll_ j|4.";;?-^PiJ H^-^ illuminating microscopic objects. 

4. — M icriisriipe stands. A con- 
siderable improvement has been 
effected in the stand and stage, 
by means of which the fine adjust- 
ments of the body-tube, and the 
object on the stage, are effected 
with much greater accuracy, and 
at the same time in a way which 
does not interfere so much as 
hitherto with the examination of 
an extended object. Most of the 
credit for these improvements is 
due to ]\Iax Berger, who, since 
1890, has been the head of the 
mechanical department of the 
establishment. 
5. — Biiionihir iiiin-iisriijies. For critical observation, whether of 
a microscopic or telescopic character, monocular vision must always 
be the best. But there are cases in which it is advantageous to use 
both eyes, as for instance, when it is derjired stereoscopically to 
observe distant objects. We shall see later on that the stereoscopic 
effect can be artificially increased. At present our object is some- 
what different. We only intend to indicate how a microscope object, 
which appears as a flat surface when looked at with one eve, can be 
made to appear as a solid object when seen bytwo. This can be done 
in one of two ways. It may be done by the method employed in 
Abbe's stereoscopic eye-piece of 1881, which consists in dividing. 




Fig. 14. Abl>e's Condenser : n the 
two-lens, h the three-lens form. 
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by means of a prism combination, each pencil of rays as it emerges 
from the objective, into two separate pencils, which then pass to 
different eye-pieces. If the whole of each pencil is effective in 




Fig. 15. The latest Microscope Stand : suitable also for 
photomicrography and projection. 



the production of the final image, the ordinarj' effect follows ; but 
if only one half of each is made use of, the other half being cut 
out by a semi-circular stop, the resulting image is stereoscopic. 
The second, and much more fundamental solution of the problem, 
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was first suggested by Greenough in 1892. In this case, Fig. 16, 
two complete micvoscope bodies arc connected together in such a 

way that both eyes can be 
used at tlie same time. This 
is made possible by the use of 
a Porro-prism combination, 
of which we shall speak later. 
A real stereoscopic image is 
thus obtained. These micro- 
scopes are not of verj' great 
magnifying power, because, 
as already said, their chief 
object is to allow an estimate 
to be made of the actual 
shape of the object viewed. 

6, — An 111 ifiri/ II ppnriitus. 
The department also pro- 
duces a large number of 
small auxiliary apparatus, 
such as hand-magnifiers or 
lupes, drawing apparatus. 
Fig. 17, stands on which to 
place the prepared objects, 
counting and measuring in- 
struments, devices fi;ir working with polarised light and others. 
Our space is too limited to do more than thus refer to them. 
H 




Fig. li;. 



Cxreenouj^^h's Binocular 
Microscope. 




Fig. 17. Abbe's Drawing Apparatus. 

But we must not close this chapter without calling attention to 
an interesting possession of the department. We mean the collection 
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of historical microscopes, formed under tlie supervision of Pro- 
fessor Ambronn. This collection contains representatives of all 
the different types of instruments introduced during the last 200 
years, and is of great interest, not only to the scientist and tech- 
nologist, but likewise to the historian, to whom each instrument 
represents a different period. 



The Optical Projection and Photo- 
micrographic Departnient. 

THE heading of this chapter indicates that the subjects treated 
therein form a connecting link between microscopy and 
photography. The two problems with which we are con- 
cerned are: — (1) The projection of optical images on to a screen. 




Fig. 18. Low-power Micro-Projection Apparatus. 

and (2) the photographing of microscopic objects. Both have 
this much in conrmon with ordinary photography : the images 
obtained are not directly, or subjectively, examined with the eye, 
but are first objectively produced on a surface, as a wall, a focus- 
sing or projection screen, there to be either examined with the eye, 
or chemically fixed. In apparatus employed for this purpose, the 
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ocular of the microscope is, therefore, done away with, or, if 
retained, it ceases to perform its original function, but being suit- 
ably modified, plays the part of a second objective. On the other 
hand, both optical projection and photomicrography have this in 
common with microscopy : the images obtained are larger, and not, 
as in ordinary photography, smaller than the original object. 

The original impulse to the study of the problem of projection 
came from Roderich Zeiss, who recognised its importance for scien- 




Fig. 1!). Section of the Epidiascope. 



tific purposes, as well as for elementary teaching. Since then so 
much progress has been made, and such great results obtained, 
that one would almost feel inclined to assert that no further pro- 
gress were possible, were it not for the fear that facts might soon 
controvert such a statement. 

To discuss in detail all the work done by the department now 
under the supervision of Dr. August Kohler is, of course, out of 
the question. But two points must be referred to. First the 
manner in which the apparatus has been adapted for the use of 
different and competing sources of light— such as the sun, the 
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lime-light, the electric-ai-c, and others. And secondly, the problem 
of the optical projection of the images of transparent and opaque 
bodies on to a screen ; the first by means of transmitted light 
(diascopically), the second by means of reflected light (episco- 
pically). The result of a long series of experiments was the con- 
struction of apparatus — the epidiascope (Figs. 19 and 20) — 
which is equally convenient for both purposes, and which gives 




Fig. 20. Projection ot 
the human hand by the 
Epidiascope. 



results characterised by such sharp definition and true rendering 
of colour, as not to be easily forgotten wlien once seen. 

The photomicrographic apparatus to which we now pass, con- 
sists of illuminating apparatus, a microscope system, and a camera ; 
the whole being capable of either horizontal or vertical adjustment 
and use. It only remains now to give some particulars of the larger 
and smaller patterns (Fig. 21). One point of importance in connec- 
tion with photomicrography must, however, still be explained. 
The layman to whom photomicrography is mentioned, naturally 
considers its object to be limited to the reproduction of the objects 
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seen in the microscope, and looks upon it only as a means for 
enabling the student again to study the object, to reproduce it for 
other students, it may be after the original object has ceased to 
exist. It will not strike him that it may be possible to see on the 
photomicrographic plate details which cannot be seen in direct 
microscopic vision, and yet such is the case. We know already 
from what has been said when speaking of the microscope, that 
the assumption that light consists of rays, is not exact enough for 
modern practical optics. Rays are postulated for the sake of sim- 
plicity, but what we have really to take account of are waves of 




Fig. 21. rhotomicrographie Apparatus. 



infinitesimal and different lengths, which constitute the different 
kinds of light we call colour. The useful magnification of an 
object is limited by the fact that when the size of the part to be 
differentiated is so small as to be equal to the wave-length of the 
light employed, confusion ensues as the result of diffraction and 
interference ; consequently the smaller the waves, the smaller the 
parts of the photographed object, which can be differentiated. 
That this is so becomes intelligible by a consideration of the prin- 
ciple on which the screens — glass plates ruled in squares — now so 
much emplo3red in modern reproduction processes are based ; the 
smaller the square, the more minute the detail, which can be re- 
produced in the image. Consequently the object aimed at is the 
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reproduction of miorosoopio images by means of liglit of as small 
a wave-length as possible. Blue light gives better results than red, 
but light exists of still smaller wave-length than blue or violet — 
ultra-violet light — to which the eye is not, but to which the 
photographic plate is sensitive. This light therefore not only 

jDerpetuates our observations, but 
acts as a means for indirectly 
extending the range of the eye. 
Lately, Dr. Siedentopf, a scien- 
tific collaborator at the Optical 
Works, and Dr. Zsigmondy, fol- 
lowing a path first pointed out by 
Abbe, have independentl}' of him, 
worked out a method of rendering 
visible very small particles of mat- 
ter, such for instance, as gold 
particles in colloidal solutions, 
although the size of these particles 
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Fig. 22. Navieula crabo (500 x). 



'■' ' ' '■ ' ''.''. ■ '■ - 
Fig. 23. Typhus bacilli (1000 x ) 



is below the limit of the resolving power of the microscope, 
as determined by Helmholtz and Abbe. The gold particles them- 
selves are too small to be seen, but their diffraction discs are made 
visible by being brilliantly illuminated against a very dark back- 
ground. 

How this is done is shown by Fig. 24. The object is laterally 
illuminated by means of a very complicated optical system, so that 
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the light does not pass directly into the mici-oscope. It is im- 
possible to go into details, but we may state that the method can 
be applied to render visible the light effects of particles the linear 
dimensions of which are between the limits of a 6-millionth and 




Fig. S4. Ultramicroscope. 



a 250-millionth of a millimeter. Although these " ultramicro- 
scopes " have been placed on the market for scarcely a vear, biolo- 
gists and medical men have already achieved great results bv their 
aid, to which fact the very large demand that has arisen for these 
instruments is undoubtedlv to be attributed. 
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The Photographic Department. 

AS soon as Abbe and Scliott found themselves in possession of 
tlie new glasses, the)' naturally wished to see other bi-anohes 
of practical optics besides microscopy benefited by their 
application ; and this wish became the more pronounced the more 
clearly Abbe recognised the necessity of emancipating himself 
from dependence on a single article of manufacture. It was for 
this reason that the Optical Works took up the subject of photo- 
graphy. The time for so doing could not have been more fortun- 
ately chosen ; it was just then that photography, ceasing to be the 
monopoly of the professional, permanently established itself in 
the laboratory of the student and the home of the amateur, and 
thus added two new and extensive fields to its domain. 

Paul Rudolph entered the mathematical department of the Opti- 
cal Works in 1886. After having practised microscope and 
telescope calculations for some time, he was selected by Aljbe 
as his assistant in working out a photographic system which had 
for some considerable time occupied Iris attention. These labours 
resulted in tire taking out of a patent, which ireed not, however, be 
considered, as it was shortly afterwards superseded by other sys- 
teiiis that were entirely due to Eudolph. 

Eudolph undertook the task of designing a system which should 
not only eliminate the errors of splrerical aberration, naturally 
inherent in lenses with spherical surfaces, but should also rectifv 
an objectionable characteristic of every uncorrected system — tlie 
imaging of an object-point off the axis by a line or cross — and 
should tlrus satisfy, at least in one direction, the highest theoretical 
requirements, and reproduce eaclr object-point as a point in tlie 
image. The error thus rectified being known as " astigmatism," 
the name anastigmat was given to the new system. The name 
" stigmat " would have been more concise, and as the two negatives 
in " anastigmat " cancel one another, its meaning would have been 
the same. In making his calculations, Rudolph left entirely out 
of account, until near the close of his labours, the chromatic aberra- 
tion, the elimination of which was formerly the first task undertaken 
by the designer of an optical system, and then sought to eliminate 
the error by recourse to the great variety of new glasses at his 
disposal. The method he adojDted has led to the most satisfactory 
results. 

The new objectives, produced in 1890, realise the principle of 
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the opposite or opposed gradation of tlie refractive indices m the 
front and back lenses. The front lens, which is the element relied 
upon for the correction of the spherical aberration, is made up of 
crown glass of a low, and flint glass of a high refractive index (old 
glasses), whilst the back lens, the element relied upon for the 
anastigmatic flattening of the field, is made up of crown glass of 
a high, and flint glass of a low refractive index (new glasses). 
Finally the correction of the chromatic aberration is brought 
about by the reciprocal or opposed action of the two lenses. The 
double anastigmat, which was made in two forms — two plus two, 
and two plus three lenses — was succeeded in 1893 by the triple 
cemented, and in 1894 by the quadruple cemented anastigmatic 
single objective, which could also be used as a member of a double 
anastigmat or of a satz-anastigmat. Figs. 25 and 26 represent 
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Fig. 25. The Protar Photu-lens. Fig. 'iCi. The Double I'rotar Photo-lens. 



these constructions. The anastigmat, now called the " Protar," to 
distinguish it from the imitations and similar constructions of other 
firms, was soon in great demand in photographic circles, especially 
amongst amateurs. In a little over a decade quite 100,000 anas- 
tigmats have been sold by Zeiss and by firms manufacturing under 
license. 

Rudolph, unwilling to rest on his laurels, proceeded with his 
investigations, and has lately been successful in placing upon the 
market some objectives that already occupy a high position amongst 
the many good objectives now available for photographic purposes. 
They are either specially adapted to serve particular and limited 
purposes, or designed for general all-round work with the object 
of making it unnecessary for the amateur, for whom thev are princi- 
pally intended, to buy a complete set of objectives. Among these 
general objectives we may mention the " Unar " (1899), Figs. 27 
and 28, which can be used for almost any purpose, and which, in 
consequence of its comparatively simple construction, is sold at a 
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correspondingly low price. The " Planar," on the other hand, 
belongs to the class of special objectives. When of short focal 
length it is well adapted for instantaneous photography, for enlarg- 
ing and reducing pictures, and 
for projection apparatus ; when 
of greater focal length it is un- 
surpassed for all kinds of photo- 
mechanical reproduction proces- 
ses (Fig. 29 and 30). The latest 
system placed on the market is the 
" Tessar " (1902), which, whilst 
of simpler construction than the " Unar," gives superior results. 
It works, however, at a smaller aperture (Fig 31). Mention must 
he made of the telephoto-objectives intended for taking large-size 
pictures of distant terrestrial objects (Fig. 32), and of the systems 
adapted for use in the various iihoto-mechanical reproduction pro- 
cesses. 

Finally, as a curiosity, and by way of contrast, we must men- 




Fig. 27. The I'liar Photo-lens. 




Fig. 28. Photograph taken with the Unar 
Photo-lens. 



tion the " Anamorphot," an objective specially constructed for 
producing a distorted image, a result which it is the aim of most 
objectives to avoid. Of course, the distortion takes place in a 
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manner determined beforehand. The system is made up, not of 
spherical, but of cylindrical lenses. Besides being employed for 




Fig. 21). The I'lanar Photo-lens. 

the production of comical distorted pictures, it may also be used 
for more serious purposes, such as the production of new patterns 




Fig. 30. Spider talsen with ii, Flanar Lens and the Photomicrographio 
Apparatus. 

by the proportionate lengthening or widening of textile and other 
designs, or by changing the rectangular arrangement of such 
designs into an oblique one (Fig. 33). 
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The subject dealt with in this chapter is exhaustively treated in 
a hook on the " Theory and History of the Photographic Objec- 
tive," by Moritz von Rohr, formerly scientific collaborator in the 
photographic department, and at present engaged as theorist of the 
microscope department, to 
which book readers interested 
in the subject are referred. 

For some time past photo- 
graphic shutters for time and 
instantaneous exposures have 
been manufactured at Jena, to 
which, since the purchase of 

the " PalmOS " camera factory, cameras, especially those of the 
hand type, for plates and films (Figs. 34 and 35), as well as photo- 
graphic enlarging apparatus have been added. 

The latest production of the Works, of which a description must 
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l-'ig. 31. The Tessar J'hoto-lens. 




Fig. 32. Tele-photo Lens. 



be given, is the Verant, an instrument by means of which an ob- 
server is enabled to view photographs correctly. The calculations 
on which it is based were made bj' Dr. M. von Rohr. We are deal- 
ing here with a subject about which even the educated have very 
p 
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hazy notions. That natural objects can be seen in relief, that is 
to say, not fiat, but as having depth, is practically due to the fact 
of binocular vision. It is true that as the result of practice and 






Fig. 33. Anarmorphofis : The original 1 is shown at 2 laterally distorted, 
at J longitudinally distorted, and at / obliquely distorted. 

experience we become able to see objects in space in relief, with 
onl}- one eye, but tliis is more the result of a mental process than 
of an act of actual vision. In looking at tlie pictorial representa- 




Fig. 34. The Film Palmes Camera. 



Fig. 35. Small Palmos Camera. 
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tion of a natural object, it is of course physically impossible to 
see the picture in relief, neither is it possible, so long as both eyes 
are used, to do so mentally, because the fact that the picture is 
actually seen as a flat surface makes it impossible for the psychical 
conditions necessary to impress us with the appearance of solidity 
to arise, consequently only one eye should be used. But even in 
this case the necessary conditions will onl)- be satisfied when the 
point of view from which the picture is observed is identical with 
that from which it was taken. This is the reason why those who 
are in the habit of looking at paintings, close, or still better, cover 
one eye, and view the painting with the other through a short 




Fig. 36. The Verant. 



tube, after having placed themselves at the proper distance. When 
dealing with photographs, taken with a lens of given focal length, 
it is obviouslv possible to realise the necessary conditions for cor- 
rect viewing by the employment of a frame on which the picture 
and the ajjparatus for viewing it are suitably mounted. 

Whilst in most cases the Verant (Fig 36), is nothing more than 
a convenient instrument which saves the observer the 
trouble of having to search carefully for the best position from 
which to view a picture, it becomes almost indispens- 
able for viewing the small photographs taken by amateurs in 
which, in consequence of the short focal distance, the 
point from which they ought to be viewed is so close 
to the photographs that it becomes impossible to see them 
clearly with the naked eye. But the effect of the Verant is reallj^ 
astonishing in the case of photographs suffering from some of 

F2 



52 

the usual defects, whether intentionally or unintentionally pro- 
duced, such, for instance, as convergence of the vertical lines, 
want of proportion between fore and background, and the like : 
the distortion is corrected in all such cases. 

Stereoscopic pictures to be viewed simultaneously with both eyes 
evidently present a similar problem. The " Double Verant," an 
instrument that solves the problem, will shortly be at the disposal 
of all interested in the svibject. 



The Astronomical Department. 

IN the following chapters we shall deviate somewhat from the 
historical sequence of events in the Zeiss Works, and 
deal with the astronomical type of telescope before devoting 
our attention to the terrestrial type. We do so because the latter, 
when compared with the former, is, in consequence of the fact that 
it must show an erect image, of more complex construction. In 
the astronomical telescope and in the microscope, on the other 
hand, it is not of any importance that the image should be erect, 
because the orientation of the object is not of much consequence. 
Therefore, when discussing the terrestrial telescope in the 
next chapter, we shall concern ourselves principally with the 
devices by means of whiclr the image is nrade to appear erect, or in 
its right position. 

The astronomical department is the youngest of all. It is true 
that the success of the new glasses in other branches of optics had 
directed attention to this branch also, but the difficulties to be 
surmounted were very great. In the first place it must be re- 
membered that the manufacture of astronomical instruments is 
attended by great risks. The work requires very extensive plant, 
whilst the orders which liave to be executed are, in the verv nature 
of things, few and are therefore only individually important. The 
value of a large astronomical instrument amounts to many thou- 
sands of pounds. Moreover, each order represents a separate 
problem, which makes the calculations difficult, and results, in many 
cases, in a financial loss. And, finally, the few firms alreadv en- 
gaged in this class of work had acquired such a firm hold on the 
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favour of the public, that success could only be looked for by the 
production of something really superior. 

To turn out better work was, at the time of which we are speak- 
ing, easy enough, and is so still ; a statement which refers not only 
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Fig. 37. Equatorially-mounted Telescope. 



to the strictly optical work involved, but quite as much to the 
mechanical construction of the instruments. The necessity for 
better work carried with it the necessity for having someone of the 
first rank to put in charge of it, a matter by no means easy, con- 
sidering the limited choice. Dr. Albert Konig is responsible for 



54 



the optical -work involved in the calculations required. As far as 
the practical side of the question is concerned, there occurred in 
1897, the opportunity of engaging a man of the necessary qualifica- 
tions and ability, in the person of Dr. Max Pauly, who until then 
had been engaged in quite a different sphere. Interested in the 
subject, however, he devoted his leisure successfully to the con- 
struction of telescope lenses. In 
the year just mentioned, then. Dr. 
Pauly resigned his occupation, 
and taking up his residence at 
Jena, undertook the direction of 
the newly-founded astronomical 
department ; Dr. Villiger acting 
as his assistant in the purelv as- 
tronomical part of the work. For 
the mechanical department, too, 
a very capable man has since 
been engaged, in the person of 
the engineer, Mr. Franz Meyer. 

Instruments of any desired size 
and quality can be made. The cir- 
cumstance that the Glass Works, 
where the raw material is con- 
verted into telescope lenses of 
the most gigantic dimensions, are 
in the immediate vicinity of the 
Optical Works, is a factor not 
lightly to be left out of account. 
Formerly such lenses had to 
be imported from France or Eng- 
land, but for some years past they 
have been made by a much im- 
proved process at Jena. The 
rough grinding and polishing of these lenses is effected at the Glass 
Works, so that the skilled labour required for the mathematically- 
accurate polishing can be begun immediately they are delivered 
at the Optical Works. 

The Jena objective represents, from more than one point of view, 
a considerable advance on those made elsewhere. The first pirob- 
leni attacked, and successfully solved, was the abolition of the 
secondary spectrum ; following this, spherical aberration was like- 
wise eliminated to a very large extent, and finally it became pos- 




Fig. 3i-i. Mounting a Telescope. 
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sible to realise a long-desired object, and to eliminate both evrors 
simultaneoush' in one and the same objective. 

It has further become possible, as a result of the production of 
glass which possesses a much greater transparency for ultra-violet, 
or photographically-active light, to make telescope objectives 
which mark an epoch in the history' of astronomical instru- 
ments for photograpliio purposes. To become convinced of 
this fact it is onh- necessary to compare two photographs of the 
same celestial view, one taken with an old, and the other with a new 
objective, to see how much more detail is rendered by the new 
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Fig. 39. Diagram showing the variations in the focal 
lengths of different telescope objectives for difl'erent vvave- 
lencjths of light. 



objective. Reflecting telescopes, which for a long time past have 
been practicallj' neglected, have latterly again begun to attract 
attention at Jena. The object has been, of course, to overcome 
the defects to the presence of which the neglect of this instrument 
was originally due. Dr Schupman suggested a very radical and 
original method of overcoming the difficulties when he proposed 
that the rays of light should be laterally reflected, but neither 
Schupman himself, nor the Optical Works which, under Abbe's 
personal supervision, occupied themselves with the solution of 
this problem, were able to overcome the difficulties, and the idea 
of achieving success in the way proposed had to be abandoned. 
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Fig. iO. Ereotiny Shop. 
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On the other hand, the attempts to improve the old reflecting tele- 
scopes by the more accurate grinding of parabolic reflecting sur- 
faces became more and more successful. The difficulties of the 
task will be appreciated when it is remembered that the thickness 
to be removed from the surface of a mirror amounts, in many cases, 
to not more than a fraction of the thousandth part of a millimeter. 
The mechanical construction of the telescope, too, provides a 
large number of still unsolved problems. It is still, for instance, 
an open question as to whether it is better to make use of closed 
tubes, or whether an open framework is the more suitable. In 
the latter case the temperature of the air can much more easily 
equalise itself, whilst, on the other hand, the former construction 
appears much more substantial and rigid. The adjustment of 
such telescopes, too, not to speak of many other problems, is un- 
doubtedly open to improvement. 

The first catalogue of astronomical objectives, either of old or 
of Jena glass, was published in 1899. It related to objectives for 
direct visual observation, as well as for photographic purposes, and 
included oculars and auxiliary fittings for the same. The first 
catalogue of mountings for telescopes was published in 1902. 

To cope with the work of the new astronomical department it 
was found necessary, in addition to increasing the ordinary work- 
shop accommodation, to erect two large and separate Ijuildings. A 
large erecting shop, of new construction and design, shown in 
Fig. 40, has been built. The figure shows the parts of a reflecting 
telescope of large dimensions being assembled, whilst a little to 
the right a small equatorially-mounted telescope can be seen. 
Further, an observatory has been built on the plateau of the Forst- 
berg, 150 meters above the valley of the river Saale. At the 
present time, therefore, the astronomical department of the Optical 
Works need not fear competition. It can supply instruments of 
any desired size, and of the most perfect workmanship. 
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The Terrestrial-Telescope Department. 

COMING now to the consideration of the terrestrial telescope, 
we again enter a field into which it was Jena's good fortune 
to be able to introduce a surprising novelty at a time when 
it might have been thought that the market was already fully sup- 
plied, and in which the demand had been stationary for a consider- 
able period. It must, however, be admitted that it was a field in which 
a large number of people were interested, since articles such as 
opera-glasses, field-glasses, and terrestrial telescopes of the ordinary 
forms are used generally by the public, even if special types of 
them appeal more to the expert. To be able to understand clearly 
the importance of the improvement made at Jena, it becomes neces- 
sary to go somewhat into details. 

The image given by a terrestrial telescope must appear right- 
side-up, and without lateral inversion, that is, as the object is 
seen ))v the eve direct. Such a result can be obtained by two 
different methods — one direct and the other indirect. The first, 
or direct method, is the one adopted in the Dutch or Galilean 
telescope ; the second, or indirect method, is the one adopted in 
the so-called terrestrial telescope. Each of these types has in- 
herent advantages. The Galilean telescope consists of two simple 
optical elements only — a positive lens acting as an objective, and 
a negative lens as an eye-piece — consequently its construction is 
simple, its length not great, and its w'eight small : On the other 
hand, it gives a defective image, and the field of view is small and 
of unequal lirightness. These defects are of little importance so 
long as the magnifying power does not exceed I5 to 3 diameters, but 
they increase rapidly in importance with the increase of magnifying 
power. In practice, therefore, this construction is onlj- adopted 
for instruments of low magnifying power, such as opera-glasses, 
field-glasses and the like. The terrestrial telescope, fitted with 
a separate erecting system of lenses, does not suffer from the 
same defects ; its field of view is large and of uniform bright- 
ness, and the image is sharply defined ; but to detract from 
these advantages, its length must be equal to the sum of the focal 
lengths of the objective and the eye-piece, to which must be added 
the length necessitated by the erecting system of lenses. In the Gali- 
lean telescope, on the other hand, the length is equal, simply, to the 
difference of the focal lengths of the objective and the eye-piece. 
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The terrestrial tjrpe thus becomes both long and heavy, and the 
longer and heavier it is, the lower its magnifying power. In 
practice, all such instruments, therefore, are of great magnifying 
power — 12 diameters or more — because in instruments of low magni- 
fying power the body would be too long for convenient handling. 
The question naturally arose then, whether it was not possible 
to construct short instruments of the terrestrial, or erecting type. 




Fig. 41. Bent Wire. 

of a magnifying power of from 4 to 12 diameters. The problem at 
first siglit, perhaps, appears insoluble, but a simple analogy sug- 
gests that it might be solved, at any rate, theoretically. Is it 
necessary- that the ends of a jjiece of wire one meter long should 
be one meter apart ? Certainly not ! The wire may be bent in 
different waj's, and, as shown by Fig. 41, the last piece may form 
a continuation of the first. And now to apply this illustration to 
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FJK. 42. A Reflecting System, 

our problem : The erecting of the image, instead of being brought 
about by refraction through lenses, may be effected by reflecting 
surfaces, which cause the rays. Fig. 42, to be turned back upon 
themselves. For image-forming purposes all the parts of the path 
of the ray, whether they run forward or backward, are added to- 
gether ; for determining the length of the instrument different 
parts may cancel each other. Thus the optical length may be very 
much greater than the physical length. It was found 
that reflection by ordinary silvered-glass mirrors was not 
practicable ; thus it became necessary to use total-reflecting 
prisms in which the light is reflected in glass, at a bounding 
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surface between air and glass. If the resulting image is to appear 
right-sicle-up, and without lateral inversion, and if the rays on 
emergence are to run in the same direction as that by which 
they enter the combination, it will be found that four such prisms 
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Fif^s. 43 and 44. Path of a ray in a Porro-prism System. 

are rei|uired. Two combinations which satisfy these requirements, 
and the path of the rays through them, are illustrated in Figs. 43 
and 44.* 

The illustrations show that whilst the path of the emergent ray 
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4.5. The Optical System 
of a Field-glass. 




Fig. 46. The Optical System of 
a Stereo-telescope. 

lies in the same direction as that of the incident ray, it is not in 
continuation of it, but is laterally displaced ; consequently the 
telescope is uns^ymmetrical, and the problem, at first, appears to 
have been incompletely solved. Fortunately, however, our prism 



*lt is interesting to know that Abbe had constructed aliont (he year 1875, 
that is long before his irrvention was known, a terrestrial telescope fitted with 
these prisms. 
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combination in this respect is like Mephistopheles, who desiring 
evil, always actually effects good. The history of inventions 
cannot, however, show many cases in which an original defect led, 
not only to an unexpected but to a valuable result. 




Fig. 48. Sighting Telescope for PdHes. 



Fig. 47. Sporting and 
Marine Glass. 



Two advantages were obtained by this lateral displacement. 
In monocular instruments it allowed the user to " see round the 
corner." If the distance between the individual members of the 

prism system is small, the 
lateral displacement of the 
ray will likewise be small ; 
but by increasing the dis- 
tance between the prisms, 
the displacement can be 
made as great as desired. 
The diagram. Fig. 46, and 




Fig. 49. Diagrammatic elevation and 
plan oE a Prismatic Field-glass. 



Fig. 50. Prismatic Field-glass. 



the illustrations of the complete instrument, Figs. 52 and 
53, show clearly how the user is able to look over a wall, for 
instance — a great advantage in some cases. Fig. 47 illustrates a 
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monocular marine glass, with two interchangeable oculars, giving 
magnifying powers of 5 and 10 diameters. The telescopic rifle 
sights for sporting and military purposes (illustrated in Fig. 48), 
which have lately become so popular, belong to this class. The 
second advantage is realised in addition to that first mentioned by 
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Fig. 51. Diagrammatic view of a Stereo-telescope. 

binocular instruments, such as field-glasses. If only for resthetic 
reasons, the two tubes of these instrviments would probably be so 
arranged with respect to each other as to cause the lateral displace- 
ments of the rays to occur symmetrically, as indicated in Fig. 49. 
In this case, the inter-objective distance becomes greater than the 
inter-ocular distance, and if it be remembered that the stereoscopic 
effect resulting in the perception of depth in tlie observed images. 




Fig. 52. Stereo-telescope fully extended. 



depends on the use of two eyes, in consequence of which an object 
can )je seen from different points of view, it will be readily under- 
stood that an instrument in which the inter-ocular distance is 
virtually increased, must, by virtue of this increase, confer in- 
creased stereoscopic power upon the user of the field-glass. 
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This fact has been to a moderate extent utilised at Jena in the 
construction of the " Zeiss Field-glass " (Figs. 49 and 50), which 
is adapted for use by tourists, sportsmen, sailors, etc., and in which, 
the inter-objective distance being almost double the inter-ocular dis- 
tance, the stereoscopic power is consequently increased in the same 
proportion. In the stereo-telescopes (Figs. 51 to 53) the inter-objec- 
tive distance is from five to ten times the inter-ocular distance, with 
a corresponding increase in the stereoscopic power. These instru- 
ments are sometimes called " scissors telescopes," because the two 
avms can be rotated and the in- 
strument used either with the arms 
folded together or extended. If 
used in the first way, the observer 
may remain under cover ; if in the 
second, a greater stereoscopic 
power is obtained. The field- 
glasses are made with linear mag- 
nifying powers of from three to 
twelve. It is only necessary to 
compare them with a glass of the 
older construction to see how 
much handier they are, and how 
much larger is their field of view. 
It is also worth remembering 
that in the case of any of the 
Jena glasses the real magnifying 
power is always stated — a kind of 
frankness without precedent in 
this branch of optics. All these 
instruments are, moreover, so 
constructed that each of the two 
oculars can be independentlj' 
adjusted to suit the corresponding 

eye of the observer; it being well known that inequalities of 
sight occur between the two eyes of many persons. The distance 
between the two oculars can also be adjusted to the distance 
between the eyes of the observer. All these adjustments are efl:ected 
with the aid of graduated scales, so that the owner having once 
determines! them and noted the readings can, at any time, reset 
them. With each instrument there is supplied a very ingenious, 
but simple and sufficiently-accurate appliance, for measuring the 
inter-pupil distance, having a range of from 50mm. to SOmm. 




Fig. 53. Stereo-telescope 
folded up. 
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A more delicate modification is supplied to oculists. How 
great a want has been met l)y this field-glass, and how 
popular it has become in a very short time, is shown by the fact 
that 10,000 of them are manufactured and sold annually, not 
including imitations and instruments manufactured under license. 
When the magnifying power is greater than twelve, the instrument 







Fig. 54. Telescope with an Interchangeable " Capstan " Eyepiece, 
mounted on stand. 



becomes clumsv : the stand telescopes, monocular and binocular, 
are then the better instruments. 

The terrestrial-telescope department is under the direction of 
Dr. Albert Konig, who is assisted in his labours by Lieut. Braun 
and Dr. v. Hofe. 

We will idose this chapter witli an observation on the curious 
way in whiidi new discoveries are frequently developed. Neither 
of the two i<leas on which the value of the Zeiss field-glasses depends 
— the erecting of the image by a set of prisms, and the increased 
inter-objective distance — was originated at Jena. The prism com- 
bination was first invented, a good many years ago, by the Italian 
engineer, Porro, although the fact was only discovered when the 
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Zeiss construction was examined by the German Patent Office. 
The principle on which the increased stereoscopic power depends 
was discovered by no less a person than Helmholtz, who based his 
" tele-stereoscope " on it. But neither Porro's nor Helmholtz' in- 
vention was successful in practice, because neither by itself was of 
sufficient practical importance. Only by combining both ideas, by 
furnishing the tele-stereoscope of Helmholtz with the prisms of 






Fig. 55. Adjusting a Binocular Stand-Telescope. 

Porro, did success become possible. The merit of effecting this 
combination, successfully and practically, undoubtedly belongs to 
the Jena Works. 

A special paragraph must be devoted to the consideration of 
the Zeiss range-finder, the conception of which was due to De 
Grousillier (Fig. 56). This instrument is noteworthy on account 
of the importance of the problem it is destined to solve, the 
manner in which it solves it, and the interesting principle upon 
which the solution is based. For ages many persons, fitted and 
unfitted for the task, have attacked the problem of determining 
the range or distance of an object in the landscape from a fixed 

G 
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observer. There are few words which occur more often in the 
yearly patent lists than the word " range-finder." The Zeiss range- 
finder differs from all others in that it is based upon binocular, or 
stereoscopic vision, the power of which is enhanced by an increased 
inter-objective distance. This increase of the inter-objective 
distance is necessary for the discrimination, with any approach 




f''ig. .50. liange-linder on stand. 



to accuracy, of differences in the distances of objects. To under- 
stand the principle upon which the instrument depends for its 
value, let us imagine a stereo-telescope, i.e., a binocular tele- 
scope with a magnified inter-objective distance, with its eye-pieces 
fitted with two scales, which may be looked upon as a pair of 
stereoscopic photographs of a long line of measuring posts, ranging 
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over an indefinitely extended plain. Looking through such an 
instrument, the scales will be seen stereoscopicallv combined, and 
thus virtually projected into space (Fig. 57). In other words the 
scale, although situated in a plane in the eye-pieces, is seen as 
though a stereoscopic feature of the landscape. If then, for 
example, it is desired to ascertain the distance of a church steeple, 
all that is required is to note the numbered scale divisions between 
which it is apparently and stereoscopically seen in the field of view 
of the instrument. The distance, to the fraction of a division, 
may be thus read off directly. It is scarcely possible to imagine 




Fig 57. Stereograph with Distance Scale to illustrate the principle 
of the Kange-finder. 

the almost absurd ease and simplicity with which the instrument 
can be used. The landscape seems to be provided with a long 
line of numbered distance posts, in whichever direction the instru- 
ment is directed, against which distances are read off. The accu- 
racy of the measurements depends on the inter-objective distance 
and the magnifying power of the instrument. In the small model, 
with an inter-objective distance or base of 05 meters, and a magni- 
fying power of 8, the error at a distance of 500 meters may amount 
to 10 meters, and at a distance of 1,000 meters to less than 40 
meters. When the large model is used with a base of 1 5 meters, 
and a magnifying power of 23, the error at 1,000 meters only 
amounts to from 4 to 5 meters, and at 3,000 meters to about 40 
meters. The error, it will be seen, increases at a greater rate than 
the distance. 
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There can be no question as to the superiority of the binocular 
range-finder over all other similar instruments. It might almost be 
considered an ideal instrument, if that did not presuppose the 
possession by the observer of a pair of sound eyes of approximately 
equal visual power, an assumption, however, fortunately correct in 
the case of the great majority of men. 



The Measuring-Instrument Department. 

ALL the instruments we have hitherto considered have been 
instruments for aiding the vision, some directly, and others 
indirectly, as by the production of photographic images. 
We now come to consider a different class of instrument — those 




Fig. 58. Abbe's Thickness Gauge. 

designed for measuring purposes. Some of these are for strictly 
scientific purposes, whilst others are of great commercial import- 
ance. The number of instruments of this class manufactured at 
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the Jena Works is so great that Ave must limit ourselves to men- 
tioning only a few of the more interesting ones. 

The department, which since its foundation has heen admirably 
managed by Dr. Carl Pulfrich, with Dr. Lowe as assistant, 
originated in a natural desire to design and construct the in- 
struments necessary for making the various measurements re- 
quired daily in the workshops, as, for instance, the thicknesses 




Fig. 59. Butter Befractometer. 



of glass plates, the angles of prisms, the refractive indices of 
different kinds of glass and crystals, the curvatures and focal 
lengths of lenses, and the like. The difficulty of the task 
will be apparent when it is remembered that the magni- 
tudes to be measured frequently amount to not more than the 
one-thousandth part of a millimeter or a degree, or even less, 
in magnitudes to be determined to five or six significant figures. 
After many years of labour and much money had been spent in 
perfecting instruments suitable for these purposes, it was natural 
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that the experience gained should be turned to useful account in 
the manufacture and sale of these instruments to others, who thus 
became possessed of instruments of greater accuracy and useful- 
ness than any which had heretofore been constructed. 

Examples of instruments of the class referred to are Abbe's thick- 
ness-gauge, Fig. 58 ; the spherometer for determining radii of cur- 
vature ; the focometer for measuring focal lengths ; Abbe's dilato- 




Fig. DO. Abbe's Eefraetotneter. 



meter for measuring infinitesimally small changes of length and 
thickness, due, for instance, to variation of temperature ; and the 
various spectrometers and refractometers for the (juantitative in- 
vestigation of the refractive and dispersive powers of solid bodies, 
especialh' of crystals and liquids ; these instruments being either of 
verv complicated construction for the most delicate scientific inves- 
tigations, or, designed for quick and handy use in everv-day opera- 
tions, svich as milk and liutter testing, etc. 

During the last few years the measuring-instrument department, 
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influenced by the speculations and the systematically conducted 
investigations of its head, has taken in hand a new subject — stereo- 




Fig. (11. Stereoscope. 

scopic obsei-vation and measurement. Everyone knows the stereo- 
scope, an instrument for enabling two images of one object, taken 




Fig. (12. Stereograph of Planet and Stars 
from slightly different points of view, to be so combined as to give 
the impression of a single image in relief. Most of these instru- 
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ments are by no means perfect, although it need scarcely be said 
that those made by Zeiss are much superior to the ordinary ones. 
Special attention is called to the small stereoscope, illustrated by 
Fig. 61, with which some particularly interesting stereoscopic 
slides, or stereographs, are supplied. Another form of stereoscope, 
which satisfies still more exacting recjuirements, is supplied for 
special purposes in which great stereoscopic depth of vision is 
required. 




Fig. 113. Stereo-comparator. 

But the " marvel " of the department is the stereo-comparator. 
Fig. 63. This is, in fact, a stereoscope in which, in consequence of 
the immense extension of the equivalent inter-objective distance, 
that is, the distance between the two points from which the two 
photographs are taken, the stereoscopic power is so enormous that 
exact measurements of the distances of the objects pictured 
become possible. To do this, all that is necessary, whilst 
looking into the instrument, is to adjust a pointer, which 
can be moved from right to left, and up and down, until 
it seems to reach and touch the object the distance of 
which is required. It is obvious that by means of this 
instrument it becomes possible to make many measurements which 
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cannot be determined in the ordinary manner — it may be because 
the objects are inaccessible, because tlrey change too quickly, 
because it is not possible to give the necessary time, or because 
the time during which it is possible to make exact measurements 
is too short. The instrument may be employed to determine the 
physical form, or shape, of various bodies, organisms and organs, 
by taking instantaneous and time photographs of them. In 
this way very fine distinctions existing between objects 
supposed to be alike, or very similar, may be ascertained ; 
or it may be determined whether one and the same 
object has changed during the period which has elapsed between 
the taking of two photographs. But most important is the use 
which may be made of the stereo-comparator for astronomical and 
topographical purposes. In making astronomical observations 
photography has been employed, as is well known, for a consider- 
able time past ; in future stereo-photography will be available. 
The base-line for the two photographs required is, of course, ob- 
tained by allowing a certain time to elapse between taking the 
two pictures. In this way it is possible, for instance, to obtain 
photographs giving so much relief, that the mountains and vallevs 
of the moon may be measured and plumbed with an astonishing 
degree of accurac}-. If a group of stars be photographed when 
a planet happens to be amongst them, it will be identified by 
being seen standing out in space in front of the fixed stars, as in 
Fig. 62. The positions of the moons of Jupiter in relation to the 
planet, is another good subject for a stereo-photographic picture. 
The advantages of the instrument for making topographical 
observations need scarcely be dwelt upon. The observer is 
independent of wind and weather ; instead of spending days in 
a district, hours will now suffice. At the same time a high 
degree of accuracy can be guaranteed, as has been proved 
by means of experimental photographs of a carefully sur- 
ve5'ed district. Moreover, by the invention of the stereo- 
planigraph, which differs in one important respect from the stereo- 
comparator. Dr. Pulfrich has placed a second valuable instrument 
at the disposal of all whose business or interest it is to make topo- 
graphical measurements. By means of these two instruments it is 
now possible to so divide the work that the trigonometrical data 
are obtained by the help of the first and the topographical details 
by the help of the second instrument. 
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The separate departments have now been successively reviewed. 
One matter of interest, however, still remains. An enterprise 
which is constantly engaged in grappling with new scientific prob- 
lems, the solution of which might have technical value, must deal 
from time to time with (juestions which do not readily admit of 
being referred to any particular department, but the solution of 
which might benefit one department or the other, and might even 
lead to the formation of new departments. The necessary work 
in connection with these problems is undertaken principally by 
the scientific leaders of the enterprise, assisted, amongst others, by 
Drs. Eiedel, Siedentopf, Herschkowitseh, Henker and Ehlers. 



The Enlargement of the Premises. 

IT is one of the disadvantages of the method adopted by us 
for acquainting the reader with the scope of the work carried 
on at the Jena Works, that the impression given must be of a 
somewhat disjointed character. To rectify this we can do nothing- 
better than visit the place itself in imagination and see with our 
own eves how the raw materials are worked up into the different 
articles of which we have spoken. Btit before we start on our 
visit we must give a slight historical sketch of the origin and 
growth of the business premises. 

AVhen Carl Zeiss opened his shop in 1846, he first established 
himself in the Neugasse, but soon removed to the Wagnergasse (see 
Figs. 1 and 2). At both places the business was carried on in 
small hired rooms, adapted, as well as might be, for the purpose. 
At the beginning he only employed one journeyman and two ap- 
pi-entices, avid for some time his staff did not materially increase. 

Nothing can be moi'e interesting to anyone acquainted with the 
present gigantic proportions of the business than to listen to some 
of the stories of old Lober, the sole survivor of that period. " As," 
says Lbljer, " there was very often no optical work to l)e done, I 
had to take a share of the mechanical. During the year 1848, 
the year of the Revolution, Mr. Zeiss joined the Militia. At the 
shop, where regular business had practically come to a standstill, 
we occupied ourselves liy converting old flint-locks into percussion- 
locks, filing and hardening gun-cocks. . . . Dtiring the fifties, 
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trade was so much upset by commeroial crises and high prices 
that the single journeyman had to be dismissed, leaving Mr. Zeiss 
and myself to form the whole staff. Trom all this it will easily 
be guessed that the flesh-pots of Egypt were often but sparingly 
filled. I remember that Mr. Zeiss' breakfast occasionally consisted 
of about a ha'puth of bread and a small glass of schnaps, 
of which I've sometimes had a taste, when I happened to come 
across him at his meals. . . . Sometimes I was fetched away 
from my Sunda}- work — gardening — to sell a beggarly pair of 
spectacles for Is. 9d. — I need scarcely say that I was not in any 
danger of getting too fat. 

In 1857 the business was removed to premises at the Joliannis- 
platz (Fig. 64), the availalde space of which seemed not only suffi- 
cient to provide for the 
needs of the time, but for 
any possible extension even 
in the more distant future. 
It was an agreeable sur- 
prise to find that this ex- 
pectation was not realised. 
During the time the busi- 
ness was carried on at the 
Johannisplatz, three re- 
markable events were cele- 
brated : the completion of 
the thousandth microscope 
on May 28th, 1866, the two- 
thousandth on September 
12th, 1873, and the three- 
thousandth towards the end of September, 1876. By this 
time the premises had become too small. The realisation 
of the homogeneous-imnjersion principle, and the growing 
demand for the productions of the concern, made it necessary to 
increase the number of workmen employed, first to 50, and then 
to greater numbers. It was thought wise, therefore, tn Ijuy the 
extensive plot of land between the Krautgasse and the Leutrabach, 
at that time practically outside the town, and to start immediately 
erecting well-lighted and well-ventilated workshops. If it had 
only been possible to foresee the quick growth of the town and 
the development of the business— of course there was a close con- 
nection between the two— the site chosen would have been un- 
doubtedly still further away. It is undeniably an advantage to 




Fig. 6i. Third Worksliop in the 
Johannisplatz. 
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have the Works, which now comprise nearly a quarter of the town 
(see the frontispiece. Fig. 65), situated near the centre of it ; 
yet against this must be set the fact tliat the surrounding ground, 
which has been covered in the meantime with pi-ivate buildings, 
has acquired such a high value, that it now appears scarcely pos- 
sible to extend the present premises in any direction whatever. 
During the years the writer has been able, personally, to follow 
the course of development, that is, since 1890, scarcely a year has 
passed without the addition of new, or the extension of old pre- 
mises. At the present time the Works embrace an area of nrore 
than three acres, of which not quite half is built on ; whilst the 
total area covered by the different floors of the various buildings 
amounts to nearh^ four acres. If we consider that at other works 
such a space is considered to be large enough for between 3,000 
and 6,000 workers, whilst at Jena it is considered to be just large 
enough for between 1,300 and 1,400 only, it will become clear 
how much working space each individual enjoys, and how pleasant 
even the external surroundings have been made for all em- 
ployed. The same liberality has also been observed in regard 
to the height of the rooms, and the heating and ventilating systems, 
which have been carried out under the direction of the Sanitary 
Authorities of the University, and in many other respects. 



A Stroll round the Works. 

IF we decide to begin by visiting the plant which produces 
the power for the whole of the undertaking, we are met at 
once with evidence that the growth of the business premises 
at the Carl-Zeiss Platz has not kept pace with the enormous 
expansion of the business itself. To reach the south end of the 
town, where the electric-power station, built in 1902 to provide 
for the requirements of the Optical Works and the Glass Works, 
is situated, necessitates about a quarter-of-an-hour's walk. As the 
town of Jena had only recently erected an electric-power station, 
the question arose whether it would not be better to enter into 
business relations with it. This question was decided in the nega- 
tive, not only because the plant which supplies direct current 
happened to be situated at the other end of the town, but princi- 
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Fig. 66. Electric-power Station. 




Fig. 67. 450-H.P. direct-driven Dynamo of the new Electric-power Station. 
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pally because it was not thought wise for so large an enterprise, 
as the combined Optical and Glass Works, to be dependent on an 
undertaking in the management of which it could not have a de- 
termining voice. The circumstance that one half of the whole 
power generated would have been taken by a single customer, 
would not have been conducive to the advantage of both parties. 
The power produced in the electric-power station, so far as it 
is not required by the Glass Works, is conducted by high-pressure 
currents to the Zeiss Works, where it is distributed in the usual 
way to the different workshops, and used either for driving the 




Fig. 68. Offices of the Administration. 

machinerv or for illuminating purposes. The small 130 h.p. plant, 
by means of which the Works used to be supplied, has not been 
removed, but is maintained in readiness for emergencies. 

We enter the Carl-Zeiss Works through the large and handsome 
corner building, which contains the various administrative offices 
and laboratories, but we cannot tarry here. In passing, however, 
we mav glance into the room where the productions of the Works 
are submitted to a final examination before being sent out. Our 
course through the Works will now depend on whether we are more 
interested in the optical or the mechanical departments, but it 
will perhaps be better to take the latter first and leave the optical 
departments to the last. 
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We then first visit 
the building set apart 
for the moulding and 
casting of metals — the 
foundry — which is sup- 
plied with its raw 
materials from the 
storehouse ; in Avhich 
also the partly-worked 
details are sorted and 
kept. The various cast- 
ings, when made, are 
sent to this building. 
The metals used for 
the different allovs are 
principally copper, tin, 
zinc, and, during the 
last ten years, alum- 
inium. The metallur- 
gical laboratory, started 
direction of D 




Fig. 09. Foundry. 



a few years ago under the scientific 
Herschkowitsch, has been so successful in 




F^ig. 70. Astronomical Workshop. 
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the manufacture of old and new alloys that the products 
of the foundry are now equal to any made in Germany. 
In response to numerous requests, the execution of outside orders 
for castings has of late been undertaken. From the storehouse 
the castings are distributed to the shaping, turning, milling and 
other metal-working shops, and when finished they are returned 
to it, to be finally sent to the various departments referred to 
earlier in this book. All the various operations to which the 
metal parts are subjected are carried out strictly in accordance with 
.specifications and drawings, and each part, before being sent on to 




Fig. 71. Capstan Lathe. 



the next shop to be dealt with, is carefully tested by the foreman 
of the department, and if not up to the standard, is either sent 
back to be perfected, or, if that cannot be done, destroyed. Xew 
constructions, and special orders for apparatus for the purposes 
of research and demonstration, of which a large number are re- 
ceived annually from siivdntn. are, of course, treated specially. 
Although these special orders, in many cases, do not even pay the 
cost of execution, they are, notwithstanding, invariably accepted 
for the sake of any new ideas which they may suggest, 
if they come legitimately within the province of the undertaking. 
These new constructions, after all the questions involved have been 
carefully considered by the scientific staff, and the necessary data 
determined, are passed on to the constructing department, 
where the drawings are prepared and finally approved before the 
actual manufacture begins. 
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Adjoining the storehouse are the turning shops already men- 
tioned, in which capstan latlies are principally employed. Adjoin- 
ing them are the milling and shaping shops, in which are found a 
number of highly ingenious machines for special purposes, most 
of which have been designed and constructed in the tool shops 
of the Works. 

Following the order of manufacture we now enter the erecting 




Fig. 72. Surfacing the Horseshoe-feet of Microscopes. 

shops, where the different parts of the various instruments are 
finally fitted and assembled ; to be again taken apart and sent, each 
piece ticketed with its serial number, to the polishing and lacquer- 
ing shops to be cleansed, partially coloured by means of different 
acid mixtures, or blackened and finally polished and lacquered. 
There are also carpentering and leather-working shops for the 
manufacture of the cases of the instruments, packing cases for 
their transport, and the like. 
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We now come to the strictly optical department, which is con- 
cerned, not with metal, but with glasses of the most diverse 
characters. Besides glass, some natural crystals such as fluor 
spar, quartz and Iceland spar are used, hut only for special pur- 
poses. 

If time permitted, it would be interesting to turn aside to pay 
a visit to the Glass Works of Schott &, Genossen, Fig. 73, where 




Fig. 74. Casting a large Telescope Lens. 

the glass used at the Optical Works is manufactured. If we did 
so we should see the raw materials, collected from different parts 
of the world, and the furnaces, from which the hot molten 
mass is taken. The glass is mostly cast in the form of slabs, 
which are ground and polished on opposite sides to allow of 
testing for freedom from strias and other defects. Only the largest 
astronomical object-glasses are cast to shape in open moulds. 
One side of each of the rough lenses cast in this manner is conse- 

H2 
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quently convex, whilst the other is flat. The pouring out of such 
an immense mass of white-hot matter offers a magnificent spec- 
tacle, and is an operation which must be carried out in the most 
careful and exact manner, if the result is to be satisfactory, Fig. 74. 
We must now retrace our steps to the Optical Works in the 
Carl-Zeiss Platz, where the slabs just mentioned are sawn into 




Fig. 7.5. Glass slitting. 



prisms, or into smaller pieces for lenses, by means of circular 
discs of sheet-iron, or tin-plate, the edges of which are armed 
witli diamond dust, and lubricated with petroleum. We next 
pass to the rooms where the prisms and lenses are ground. This 
operation requires a great deal of space, because of the necessity 
for different and separate machines for each size and kind of prism 
or lens. All the prisms and lenses, with the exception of 
the giant object-glasses already referred to, pass through these 
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rooms. After the pieces of glass have had their surfaces sub- 
jected to the various grinding operations, thej' are sent to the 
polishing room, where they undergo the last and most difficult 
operation. In this room lenses of great curvature are polished 
singly, whilst those of small curvature are treated in batches of 
as many as fifty. For this purpose they are cemented to a com- 
mon support, in such a manner that the curvature of the spherical 
surface formed by the whole number of lenses is the same as that 
of each single lens, when its polishing is completed. These lenses 
are pressed into an electrically-rotated grinding cup, and are given 
during the operation a rolling and pitching motion, similar to 
that of a point on a ship. Of course, it is obvious that only a 




Fig. 7(). Stages in the Manufacture of Prisms. 



workman of great practical experience, a man who knows exactly 
when to increase and when to decrease the pressure, will be able 
to produce lenses, the curvatures of which are uniform and accu- 
rate. From time to time he must interrupt the work, and by means 
of the Fraunhofer-Lober method, test its progress. In this method 
a mathematically-accurate test-plate, with a curvature exactly equal 
and opposite to that required, gives the well-known Newton's rings, 
in which the variation in the thickness of the layer of air between 
the worked surface and the test-plate, from one ring to the next of 
the same colour, amounts to less than 0.0003mm. 

Very small lenses for microscope objectives, which require the 
most delicate manipulation, do not pass through so many different 
hands. The front lenses of oil-immersion objectives, for instance, 
which are hemispherical, or even hyper-hemispherical, are made 
by hand, and not by machinery, from a small glass plate polished 
on one side only. 
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Fig. 77. Polishing Lenses. 




Fig. 78. Machine tor polishing large Lenses. 
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When the surfaces of the lenses have heen ground and polished, 
the lenses are taken to a room where they are fastened to the 
end of a lathe spindle with pitch, and liaving been centred bv 
means of a testing lever, are then reduced to the required diame- 
ter by grinding with emery 
on a strip of curved sheet- 
iron. The testing room for 
lenses adjoins that in whicli 
this operation is carried on. 
In it are stored about 20,000 
testing plates or cups, with 
700 different radii of cur- 
vature ; as well as about 70 
different types of glass, each 
represented by a number of 
varieties. This storehouse 
for the glass parts may be 
said to be the counterpart 
of that for the metal parts 
of the various instruments, 
referred to in the beginning 
of this chapter. 

In addition to the various 
buildings spoken of, the 
Works contain a studio for 
photographic experiments, 
and another for photogra- 
phic reproduction ; two 

studios for photomicrography and projection ; a library, which 
promises to become in course of time an archive of practical 
optics ; and many other buildings, which cannot be separately 
mentioned. 

In conclusion we must mention, for the sake of completeness, 
the branch establishments at Berlin, Vienna, Frankfort, Hamburg, 
London and St. Petersburg, where the products of the Works 
can be obtained, and where also small repairs can be effected by 
workmen who have been trained at Jena. 




Fig. 79. Mounting Microscope-objective 
Lenses. 
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The Ownership of the Works. 

IT is usual, when describing an industrial undertaking, to add, 
as a kind of appendix, some remarks respecting the social 
condition of the employees, and the benefits conferred on 
them bj' the firm. When speaking of the Optical Works at Jena, 
it is, however, necessary to deal with the matter in a very difi'erent 
spirit, and to point out that the importance of this branch of the 
subject is quite equal to that dealt with in the earlier chapters. 
Whilst the Zeiss Works is certainly justified in claiming that 
the instruments turned out in its different workshops are models 
for the whole world, it is, at least, equally justified in making this 
claim for the social organisation it has built up. If the space 
at our disposal had been allotted in accordance with the interest 
the general reader might be expected to feel in our subject, a 
much larger share of that space would undoubtedly have had to 
be given to that section with which we are now going to deal. After 
all. Optics is but Optics, and the world could, if necessary, get on 
without it. But whether there will ever come a time when the 
industrial world will be able to exist without some kind of definite 
social organisation, adapted to and changing with changing con- 
ditions, is still an unansAvered question. And the social organisa- 
tion devised at Jena is a model of what such an organisation 
should be. 

For nearly thirty years, from 1846 to 1875, Carl Zeiss was sole 
proprietor of the business founded l)y him. He retained this 
position even after the united efforts of himself and Abbe had 
begun to bear fruit. But when, in consequence of increasing 
success, it became necessary to extend the range of operations, 
and to invest larger funds in the undertaking, it became clear to 
Zeiss that his colleague should be permanently attached to the 
business. It would be taking a one-sided view to say that Zeiss 
took Abbe into partnership solely in grateful recognition of his 
services. Whilst, no doubt, this motive influenced his action to a 
certain extent, it is equally true that he desired that Abbe should 
share some of the risks of the future. 

From 1875 Carl Zeiss and Ernst Abbe were the proprietors, to 
be joined, in 1881, by Zeiss' eldest son, Dr. Koderich Zeiss. With- 
out offending the susceptibilities of anyone, it may be stated that 
Abbe and Roderich Zeiss were not men who could be expected to 
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work harmoniously together ; their conceptions of life, their ways 
of looking at things, were utterly different. What actually came 
to pass was really unavoidable ; any other result would almost 
have amounted to a contradiction of Avhat has been said in an 
earlier chapter about the rare chance which united two men so 
well fitted to work together as the elder Zeiss and Abbe. Scarcely 
a year after the death of Carl Zeiss, in 1888, Roderich retired from 
the management and thereby actually, although not formally, 
severed his connection with the business. Abbe was now sole 
proprietor, and it will be interesting to know to what use he put 
his power. The fruits of that short period of autocratic 
power are not great in number. They consisted of a single 
act only, but this act was of such surprising grandeur, 
that nobody could have expected it to ripen under the leaden 
sky of modern industrial life. It was an act not only great in 
itself, but rich and fruitful to generations yet unborn, which will 
reap benefits derived from it. Abbe's achievement was the 
creation of the CarhZeiss Stiftung, which he named after his 
late colleague, and to which, in 1891, he ceded all his proprietary 
rights, both in the Optical Works and the Glass Works. 



The Carl-Zeiss Stiftung. 

WEEE human life interminable, or human experience cumu- 
lative, in the sense that an unbroken continuity of 
intellectual and moral activity could be maintained 
amongst the individual units who successively replace each other, 
the realisation of the highest social ideal would undoubtedly be 
attained by placing every kind of enterprise under the control of 
a single individual, who, being a free agent, and in possession 
of beliefs and convictions based on a true ethical and intellectual 
conception of the fitness of things, would be both able and willing 
to accomodate his actions to the requirements of the changing 
circumstances of his time. No written constitution, however well 
devised, could, in comparison with such an administrator, 
be otherwise than imperfect and arbitrary. Such a con- 
ception of human activity is, unfortunately, but a figment 
of the imagination. Not only does man die, but with him 
die all his plans, and all his power of carrying them into 
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execution ; even a son differs from his father, and how much more 
then one stranger following another. So much depends upon the 
personal equation. However little even the best written constitu- 
tion may he able to replace an ideal personality, it is yet in the 
highest degree preferable to the indeterminable caprices due to 
individual temperament and ability. 

That some such line of thought, as the foregoing, seems to have led 
up to Abbe's decision may be inferred from the introductory words 
of the circular in which he notified to his fellow-workers the com- 
pletion of the transfer to the Stiftung of the property of the firm 
of Carl Zeiss, including its share in the Glass Works : — " To enable 
me the better to ensure that the present economic condition, and 
satisfactory administration of both undertakings shall, even in the 
distant future, be maintained more effectually than can in the long- 
run be expected under private proprietorship, and to this end to 
make preparations during my lifetime, I have, etc." Even those 
who read the Statutes without actual knowledge that they are the 
outcome of years of thought, mental struggle and careful con- 
sideration, will during their reading become aware that the author 
of them must have perceived on many occasions, even while framing 
a regulation, that it was either capable of improvement, or, at best, 
nothing more than the choice of the least evil. It will be obvious 
that he must often have hesitated as to the best way of framing 
one or another provision, and that his final decision was always 
dictated bv the necessity for the subordination of the various parts 
to the whole. Although Abbe may have listened to the advice and 
suggestions of intimate friends, the Statutes, for which the faculty 
of Law of the University of Jena conferred upon him the honorary 
Doctor's degree, were none the less his own work. The greatness 
of Abbe's achievement, which consists in his having so completely 
solved so novel a problem, is not lessened bv the fact that it is 
subject to those imperfections which are inherent in every law 
and regulation which restricts the freedom of individual and in- 
stantaneous decision. Circumstances may be imagined under 
which the people responsible for the management of the Works, 
might consider one or another rule prejudicial to the interests of 
the Stiftung, or might even feel more strongly wdth regard to it ; 
but, in accordance with the spirit of the founder, the reasons 
which dictated the rule in question, and which render it indis- 
pensable to the well-being of the entire undertaking, will always 
be borne in mind. In view of the fact that improvement can only 
be attained as the result of experience, it need scarcely be stated 
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that a mode of procedure has been laid down for effecting altera- 
tions in the Statutes. This can be done in the following man- 
ner : — For the first ten years of the existence of the Statutes 
— that is to say until 1906 — they can be modified and 
amended, authoritative exjolanations thereof can be issued, and, 
if necessary, entire articles can be recast, upon the agreement of 
the Administration of the Stiftung and the founder. These regu- 
lations acquire legal validity as soon as they have been confirmed 
by the State. After the lapse of the first ten years a totally differ- 
ent mode of procedure will have to be adopted. Changes then will 
only be permitted in cases where the legal basis, or the technical 
and economic conditions on which the efficiency of the Stiftung 
depends, have changed to such an extent that compliance with the 
regulations laid down in the Statutes would either be impossible ; 
impracticable, in consequence of the results to which it would lead ; 
or manifestly opposed to the intention of the founder. Proposed 
alterations, of the character above indicated, must be submitted 
to the trustee, the boards of management, partners, the em- 
ployees, the descendants of the founder, the university, and the 
municipal authorities ; and thev acquire legal validity only after 
the lapse of a year, and after any objections raised have been 
settled by the proper legal authorities. Under no circumstances 
is it permissible to alter this mode of procedure, or anything in 
the first four articles of the Statutes, relating to the name, object, 
and location of the Stiftung, and the constitution of its administra- 
tive bodies ; neither is it permissible to exclude individuals or 
groups of individuals from the effect of a change of the Statutes, 
nor to compensate them therefor. 

The Statutes of the Carl-Zeiss Stiftung, which had already been 
provisionally reduced to practice, were confirmed by the Grand 
Duke of Saxony on the first day of October, 1896. and have had, 
since then, the full force of law. Guided by their provisions, 
we will now consider the most important of the special aspects 
of the undertaking, and will also deal with those points which are 
not explicitly referred to in the Statutes. But before doing so 
some general considerations do not seem out of place. 

Individuals who have given largely for charitable and benevo- 
lent objects are usually characterised as generous ; and in con- 
formity with this view the action of Abbe in founding the Carl- 
Zeiss Stiftung has generally been praised as an example of great 
generosity. Considering the action per se, such praise is un- 
doubtedly merited ; it would be difficult, at all events in Germany, 
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to find many instances of like generosity. But bearing in mind the 
motive by wiiich the action was prompted, it seems to us that the 
word " generous " scarcely does full justice to Abbe. His act was 
not merely an act of benevolence differing from other like acts 
only in respect of the magnitude of the sum involved. In acting 
as he did, he only carried out, in accordance with his lofty ethical 
principles, what he conceived to be a sacred duty toward the 
enterprise with which he was connected, its employees, and the 
commonwealth. His act was none the less meritorious because 
he conceived it to be an act of duty ; on the contrary, the fact 
that he felt it to be a duty, places him on a much higher plane 
than that occupied by those whose sole merit consists in their 
having performed a worthy act. 

Who is the rightful owner of a factory? To this question a 
great many answers might be given ; we need, however, only con- 
cern ourselves with those two that correspond to the two extreme 
points of view. Some consider the moral right to be incontestably 
on the side of the capitalist, whilst others make the same claim 
on behalf of the worker. The first alternative is the one which 
is almost universally recognised in practice ; tlie second has been 
recognised and pvit into practice only in a few exceptional in- 
stances, and these have not invariably been attended with 
satisfactorv results. Both positions are equally one-sided. It 
must be allowed that in strict justice, all those have a right to be 
considered proprietors who have been concerned in the founda- 
tion of an enterprise, or who are, or will be, concerned in its 
maintenance and expansion. Of these three parties, the claims 
of the living are most easily satisfied, as, for instance, by the pay- 
ment of salaries or wages, profit-sharing, insurance against illness 
and old age, and like measures, all of which will be considered 
in detail later on. But how shall justice be done to the dead, 
and to those as yet unborn I The dead, it is true, whilst still 
living and working, were paid for the work actually done, but they 
have not been paid for those services the effect of which has 
outlasted their lives and placed the enterprise on a sound founda- 
tion ; neither have they been paid for the fund of experience which 
they accumulated and handed down for the benefit of the present 
generation. And the generations to come, how will they 
fare? It is to be hoped that they will receive their reward in 
due time. It is to be hoped ! But it is surely better to provide, 
even now, at least partially for the future. If this line of reason- 
ing be accepted, there remains only the question of how it shall be 
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realised ; to whose care shall be entrusted the rights of the de- 
parted, the interests of the generations to come. It will be seen 
that there exists but one entity which is adequately equipped for 
the task, and that is the enterprise ; not the people for the time 
being engaged in, and working in it, but the enterprise itself. In 
other words, the enterprise must be its own proprietor. 

And now, let us ask, who are those who are entitled to be con- 
sidered co-workers and partners in the creation and increase of 
the wealth represented by the enterprise. In the first place, all 
those who have been, are now, or, at some future time, will be 
employed in it ; after that. Science, who, as we have seen, was 
its godmother ; and finally the environment amidst which it was 
planted, nourished, and developed. It is but just, therefore, that 
the University and town of Jena should participate in the profits 
of the enterprise. 

But it may be objected to this mode of division that 
it seems to take no account of those who surely are en- 
titled to their share — the persons who have provided the 
capital by means of which the enterprise was financed. Considered 
from the point of view of the present economic order, under which 
the conception of capital bearing interest has governed European 
civilisation ever since the close of the Middle Ages, it is doubtless 
true that the people who have provided funds for an undertaking 
must be numbered amongst those without whom it could neither 
have been started nor carried on. But after the connection of 
one proprietor with the business had been terminated in 
strict accordance with the current economic view, the remaining, 
and now sole proprietor, who did not recognise the claim of 
capital to interest, saw fit to carry out his conception to its logical 
conclusion ; to renounce, for his part, all claim to his property, 
and to entrust to the enterprise, which had already absorbed all 
other fttnctions, the administration of the capital also. 

The statement that the enterprise is its own proprietor is not 
then strictly accurate, because the business comprises in 
addition to the Optical Works, a share in the Glass Works. The 
actual proprietor is the Garl-Zeiss Stiftung already referred to. 
It owns the Optical Works, and, in partnership with Dr Schott, 
it owns the Glass Works. 
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General Rules Governing the Action 
of the Stiftung. 

THE average trust has, as a rule, to contend with simple 
conditions and to consider two factors only : the capital of 
the trust and the objects for which it exists. The nature 
of the trust-fund itself, the manner in \Yhich it is rendered pro- 
ductive, and similar questions, have nothing to do with the manner 
in which it has to be spent. But in the case of the Carl-Zeiss 
Stiftung the conditions are very different. To provide a large 
number of people with the most favourable opportunities for labour 
is both the means and the end of the Stiftung; the individuals 
who benefit l^y it are, at the same time, those who maintain and 
increase it. The officials and workmen employed at the Optical 
Works, the community, and the University, contribute their share 
towards the increase of the value of the property, and these, there- 
fore, are entitled to participate in the benefits. Such an intimate 
reciprocal relationship between means and end demands special 
regulations, which, in order that they may be neither too narrow 
nor too wide, must be drafted with the greatest skill. 

Let us first consider the general regulations by which the com- 
mercial activity of the Stiftung is governed. The com- 
mercial field of activity of the Stiftung is strictly limited 
to that class of industries of which optics, glass technics, 
and the construction of scientific instruments are the principal 
representatives. The Stiftung is, however, permitted to engage 
in any undertaking that may be considered to be subsidiary to 
these main industries; and there are, moreover, open to it, "re- 
lated industries," — a term elastic enough to admit of con- 
siderable expansion. The answer to the iiuestion, what industries 
are related to one another, continually varies, and consequently 
this stipulation makes it possible to take advantage of any change 
that may occur. The only essential condition is that in the branch 
of industry chosen, the present intimate relation between technique 
and science shall be maintained, either in the conditions which 
govern the manufacture, or in the purpose to which the finished 
product is applied. Undertakings to which these conditions are 
inapplicable are excluded, for all time, from the scope of the Stif- 
tung, even for the purposes of investment. 

No limits, beyond those ali-eady mentioned, are imposed tipon 
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the development of the business ; consequently new specialities 
may be manufactured, and new branches or factories may be 
started. But these new branches or factories must not be sold, 
any more than any of the old ones ; if for any reason it is no 
longer thought advisable to carry them on, they must he dissolved. 
They can be opened and carried on either at home or abroad, but 
the seat of the main business must never be removed from Jena 
or its immediate neighbourhood. 

The concern is not managed with the same objects as an ordinarv 
business ■ the end desired is not so much an increase of profits as 
an increase in the total amount of business done. It is obvious, 
here again, liow end and means go hand in hand ; for example, pay- 
ment of wages is, in an ordinary business, looked upon as a charge 
only, and is consequently placed to debit onlv ; but, in the case 
under consideration, it is part of the essential object of the busi- 
ness, and it consequently figures not only on the delnt side of the 
account, but on the credit side also. 

A further important question to be considered is, how best to 
divide the total profits in a just ratio between the two parties who 
have the principal claims on them, that is to say, between the indi- 
viduals employed at the Works for the time being, on the one hand, 
and the Stiftung on the other. The latter is entitled to that part of 
the total profits which does not result from the organised laljour 
of the workers, either individually or collectivelv ; but must 
be considered as the outcome of the organisation itself, of the' 
continuous activity due thereto, and of the accumulated results 
of the efforts of all those whose work preceded that of the present 
workers. To enable the data requisite for this purpose to be ascer- 
tained, a calculation must annually be made to determine what 
percentage the nett profit bears to the amount paid in wages and 
salaries. From the total profits must be deducted the percentage 
amount which, in accordance with the Statutes, has to be placed 
to the reserve fund. What then i-emains is the nett profit due to 
the labour of the present staff. As long as the ratio of the nett 
profit to the total amount paid in wages and salaries is not less 
than a fifth of the latter amount and not less than a tenth of the 
total annual expenditure, all may be assumed to be in order. If, 
however, this is not the case, " something is rotten in the State 
of Denmark," at all events in normal times, and the dis- 
turbed balance must be restored, either by a reduction of 
the rate of wages or by some other means. We shall return again 
to the subject. 
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Attention must finally be called to one of the ideals of the 
Stiftung. It is laid down that not only the commercial 
success of the business belonging to it, Ijut the general advance- 
ment of the branches of technics and science with whicli it is 
concerned, must always be borne in mind. Consequently it is the 
duty of the Stiftung, as far as possible, to furtlier an}' objects of 
this liind, even if an immediate return is not promised. 



The Administration of the Stiftung and 

the Management of the Works 

belonging to it. 

THE connection between the Carl-Zeiss Stiftung and the 
Works belonging to it is. theoretically at all events, of a 
somewhat complicated character ; because, whilst it must 
always be borne in mind that the Stiftung and the Works have 
separate existences, it must, nevertheless, not be forgotten that 
thev are connected by close personal ties. In practice the rela- 
tions, of course, work out in a much simpler manner. 

The Stiftung is represented, its property managed, and its highest 
administrative functions exercised by an administrative body — 
the Stiftung-Administration. Naturally we are curious to know 
the composition of this body. It was obviotisly out of the 
question to appoint an individual, who, no matter how chosen, 
would, in the last resort, have represented but himself. The 
sketch of the motives which led to the formation of the Stiftung, 
as outlined in the last chapter, shows that in the opinion of its 
founder this would have been jumping out of the frying pan into 
the fire. An abstract entity had therefore to be found which would 
not be influenced by the changes and chances of individual life, 
and whose character would be such that its continued existence 
miglit safely be counted upon. Careful consideration led to the 
conclusion that the object aimed at could only be ensured by 
vesting the functions in question in some government department, 
and the scientific character of the undertaking and its intimate 
relations with the University seemed naturally to point to the 
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Saxon Grand-Ducal Ministry of Public Worship and Instruction.* 
The necessity of falling back on the State supplies a further proof, 
if such were needed, that eveii he who is least inclined to 
entrust to the State more than is absolutelj' necessary may, under 
certain circumstances, be compelled to avail himself of the con- 
tinuity and stability represented b^' it. 

The government department referred to appoints one of its 
own officials to represent it in the Stiftung-Administration. This 
representative, or Trustee, however, although the highest ad- 
ministrative functions of the Stiftung are vested in him, 
does not directly exercise anv authority whatever ; his 
authority is soleh- of an indirect character. We may take 
advantage of this opportunity to correct some wrong im- 
pressions, which unfortunately at one time gained consider- 
able credence, respecting the actual character of the Stiftung. 
The Works themselves are in no wise controlled by the Trustee, 
but are governed solely and entirely by the Statutes. The whole 
duty of the Trustee is to see that the provisions of the Statutes are 
faithfullv observed. This circumstance, alone, proves that it is 
not possible to maintain, as many assert, that the undertaking is 
under State control. Moreover, the Statutes contain a special 
provision to the effect that the government department, which, 
through the Trustee appointed by it, exercises the highest adminis- 
trative functions of the Stiftung, shall pay, in carrying out any 
of the duties imposed on it by the Statutes, no more regard to the 
interests of the State than is legally due from every citizen. And 
the last remaining uncertainty is removed b}^ a further provision, 
according to which the representative of the Ministry of Public 
Worship and Instruction, although he must be chosen from 
amongst the public officials, nevertheless exercises all his duties 
in connection with the Stiftung in an unofficial capacity, receives 
a fixed remuneration for his services, and must be guided in all 
his actions by the Statutes. 

The governing board of the Stiftung comprises, in addition to 
the Trustee, members of the Boards of Management of the 
two Works, who sit on these Boards as the delegates of the Stif- 
tung-Administration. The latter appoints to each of the two 
Boards of Management, in whose hands rests the control of the 
entire commercial business of the two Works, which are, wholly 



*In most of the States which form the German Empire the supervision of 
education is entrusted to the Ministry of Puhlic Worship and Instruction. 
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or in part, the property of the Stiftung, two delegates, of whom 
one acts in his representative capacit)' only when the other, for 
any reason whatever, is incapacitated. These persons constitute the 
close personal connection referred to in the beginning of this 
chapter, since they are at the same time members of the Stiftung- 
Administration and of the Boards of the two Works ; an arrange- 
ment obviously well adapted to prevent even the semblance of 
a conflict between these two bodies. One other difficulty has, how- 
ever, still to be faced : it is almost certain that the time will 
come when the individuals who have to act as members of the Stif- 
tung-Administration and the Works' Boards may not find it easy to 
give the necessary time and attention to the duties of both posi- 
tions, especiallv if the Stiftung continues to extend the scope of its 
activities so as to embrace objects of a more general nature. 
Even to-day the supervision of the management of the People's 
Institute is by no means an easy task ; in course of time other 
duties of a similar nature may have to be undertaken, and it is 
therefore quite within the bounds of possibility that at some future 
time a certain separation of these different duties may have to 
be carried out. 

The Boards of Management of the Works consist each of from 
two to four members ; and at least one of the members of the 
management of the Optical Works must have a seat on the Board of 
the Glass Works. Membership of the Boards of Management is 
an honorary office (this, of course, does not apply to the part- 
proprietor of the Glass Works) and is opoi only to persons engaged 
at the Works, who, so far as their administrative duties allow, con- 
tinue to fulfil the duties of whatever positirm at the Works they 
niav happen to fill, and do not receive any salary or remunera- 
tion whatever for the services rendered in the capacity of Mem- 
bers of the Board. We shall see later on that to a certain extent 
thev are even penalised. Their position does not alter their status 
as the colleagues of all the other employees ; a superior position 
is only occtipied by the Board of Management in its corporate 
capacity. 

Ever since the Statutes acquired legal validity, and until qviite 
recently, the Board of Management of the Optical ^Vorks was com- 
posed of Messrs. Abbe, Czapski, Max Fischer and Schott. But on the 
1st of April, 1903, Prof. Abbe, partly on account of the state of his 
health, and partly in order to be able to devote himself, as soon as 
his health should have sufficiently improved, to his scientific work, 
which had been neglected for a long time past, withdrew from his 
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position on the Board. The vacancy, thus caused, was filled up 
by the appointment of Rudolf Straubel. The Board of Manage- 
ment of the Glass Works is formed by the part-proprietor and by 
a representative of the Stiftung-Administration ; but no decision 
can be carried into effect without the consent of the part-proprietor. 
A change has already occurred in the personality of the official 
filling the position of Trustee ; Privy Councillor Rothe, the first 
Trustee, having been appointed first Minister of the Grand Duchy, 
has been succeeded by Privy Councillor Vpllert, one of the heads of 
the Ministry of Public Worship and Instruction. At present Dr. 
Czapski is the representative of the Stiftung-Administration on both 
Boards of Management, Max Fischer acting as his substitute, when 
required. 

The Statutes provide that partnerships similar to that which has 
existed ever since the foundation of the Stiftung, between it and 
the part proprietor of the Glass Works, may likewise be entered 
into in the future ; a similar partnership has actually existed in 
another instance, but has been dissolved. It is, however, distinctly 
laid down that upon the death of the original partner, or his retire- 
ment from active management, his business must become, as far as 
its representation and management are concerned, the sole property 
of the Stiftung. No agreement of a nullifying character can be 
made. The object of this stipulation is, of course, obvious. 
Whilst there is no objection to a person bringing capital in addi- 
tion to his ability into the business, it would be out of keeping 
with the entire spirit of the Statutes to permit capital again to 
become an independent factor — to again enter, as it were, by a 
side door after having been turned out by the front. 
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The Position of the Employees. 

To appi-eciate the position of the employees of tlie Jena Works, 
and the motives which guided Abbe in his action, it is 
necessary to review for a moment the epoch-making struggle 
between the skilled handicraftsman and the organisation of the 
factory system, wdiich has been incessantly waged throughout the 
last half-century. The small producer, the handicraftsman, even 
so late as the middle of the 19th century, was, at all events in 
Germany, almost supreme ; but to-day the fight is over, and no 
one can doubt that organised production on a large scale has 
given the death-blow to the old method of separate individual 
production bj' skilled handicraftsmen. All that the State can do, 
or ought to do, is to build golden bridges for the vanquished, by 
means of wdiich they may join the hosts of the victor. All the 
social conduct of the State, and all the actions of the individual, 
should tend towards taking the fullest possible advantage of the 
new economic order of things, whilst at the same time rendering 
its defects as harmless as may be, and softening its harshness as 
much as possil)le. The goal to be reached is revealed to the mei^ital 
eye of every unprejudiced thinker : — the artisan ^yhose task it is, as 
the successor and, in the near future, as the sole heir of the 
skilled handicraftsman of the past, to perform the economic work 
of the world, must have his economic position so raised, and his 
legal position so assured, as to constitute him, in spite of the 
loss of his old-time economic independence, as stable a foundation 
for the social fabric as the skilled handicraftsman of yore. The 
work of the reformer must consequently tend towards the develop- 
ment of the laws governing the relations of trade, and those 
enacted for the protection of the workers, into a real code applic- 
able alike to employer and employee. 

It is obvious that there can be no greater contrast than that 
afforded by this doctrine and another that has been earnestlv 
advocated and carried into practice by eminent legislators ; a 
doctrine which results in wdiat may best be described as " paternal 
government," and aims at making the modern artisan work under 
conditions similar to those that governed the labour of the skilled 
craftsman of the middle ages. In opposition to this latter doctrine, 
the regulations at Jena are based upon the fundamental assump- 
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tion that so long as a workev does his duty to the management as 
a worker, he is at perfect liberty to think, to do, and to leave 
undone what he chooses. The only obligations imposed on 
citizens by the State are that they should obey the law. 
In like manner the duty of the employee is strictly limited 
to the performance of the labour he has contracted to do. 
In no other way, either directly or indirectly, does the 
management interfere with the action or the conduct of 
any of the employees. An exception, however, is made in the 
case of boys and apprentices, whose liberty is naturally more res- 
tricted. On the other hand, the meaning of the word " work " 
must not be understood in too narrow a sense. It naturall}' in- 
cludes everything that relates to the conditions of employment, as, 
for instance, the security, order, and care necessary for the success- 
ful performance of the work ; and in addition to these, it is to 
be interpreted as imposing obligations on an employee in his inter- 
course with his superiors, his fellow-workers, and his subordinates. 
We may mention, that any employee is at full liberty to accept 
any honorary position in the service of the State or Municipality ; 
leave, on full salary or wage, being granted to enable him to 
perform the duties of the position. He is, moreover, at liberty 
to join whatever association he wishes, whether of an economic, 
social, or political character ; and no enquiry is made respecting 
his political or religious opinions. But the most important of 
all the rights conceded to the workers is, undoubtedly, the right 
to combine and to be represented by committees, which not only 
meet and transact their business in perfect freedom, but also enjoy 
the right of addressing the Administration on any subject that 
relates to the affairs of the concern. 

It must be admitted that nothing could be more liberal than 
these regulations. The only question remaining to be considered 
is how far these conditions of an ideal liberty will stand the test 
of actual experience ; especially when the interests of the Works 
and those of the individual clash. Let us consider some cases 
which may possibly arise. It is specially provided that every 
employee shall be permitted to fill honorary positions ; one, for 
instance, may be elected to the Reichstag, another to the Diet of 
one of the Federated States ; a third one may be chosen to fill a 
municipal office. What would happen, if one employee should 
be elected to fill all these positions? Would it be possible for 
him to retain his place at the Works? As already stated, the 
Committee of the Works has the right to be consulted on all ques^ 
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tions which conceni the management of the Works ; but what would 
happen if these conferences should become so frequent as to pre- 
vent the managers from attending to their ordinary' duties? The 
workers have the right to decline to work overtime ; what would 
happen, if in consequence of such a refusal the firm should not only 
lose important orders, but suffer permanent injurj^ 1 To 
all such questions there is but one answer. The liberty is 
granted by the Statutes on the assumption that it will not be 
abused, and that the workers themselves will attain such a level 
that they will be able to fairly balance their own individual in- 
terests against the more general interests of the undertaking of 
which they themselves form a part. The persons holding high 
positions in the Works do not accept any honorary positions, 
the duties of which would conflict with those they owe to the 
Works ; they work overtime, not only voluntarily but gratuitously ; 
they have reached the higher level of which we have spoken. 
All that can be expected from the working classes is that they 
will gradualljf raise themselves to the same level. It is the princi- 
pal purpose of the freedom guaranteed by the Statutes, to enable 
them to learn how that freedom may best be employed. 

The preceding remarks relate to the legal rights of the em- 
ployees. In discussing their economic position, we must dis- 
tinguish between that of the officials, the time-workers, and the 
piece-workers. All the officials, including the scientific, technical 
and commercial staffs, the clerks, and the foremen, have fixed 
salaries. The great majority of the other employees are paid by 
the piece, and only a minority by the hour, this minority com- 
prising only those for whom it is impracticable to calculate the 
wages by the piece. It is noteworthy, that even the piece-worker 
has a minimum wage calculated on a time basis.* 

At first sight there does not appear to be anything remarkable 
in this, bvit the case immediately assumes a different aspect when 
we realise the meaning of the actual figures. Some years ago the 
average annual earnings of a workman, 24 years of age, and with 
at least tliree years' service in the employ of the firm, amounted 
to £75 ; at the present time it is nearly £80, but it has been as high 



'Shortly after joining the tiriii, Abfie recognised the desirabiUty of intro- 
ducing piece-work, and in spite of the strongest opposition of Carl Zeiss 
and the employees, he succeeded in procuring its adoption. The result 
has more than justified him. Although the wages for piece-work were, 
in expectation of the increased output, calculated on a low scale, the workmen 
were yet able to earn nearly double their former wages. 
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as £90. As the figures refei' to the average earnings it is ob- 
vious that there must be many workmen whose yearly earnings 
amount to between £100 and £150. These wages are much 
higher than those paid by other simihir firms, especially 
when it is taken into consideration that the business is situated 
in a small town, where living is cheap. The same cannot, however, 
be said of the salaries paid to the men occupying a much higher 
position in the social hierarchy of the business. And this does 
not result from accident, but is in strict conformity with a proviso, 
carefully thought out by the founder of the Stiftung, according to 
which no employee, even though he be a member of the Board of 
Management, can receive a salary greater than ten times the aver- 
age yeai'ly earnings of the worker of 24 years of age and over, and 
with at least three years' service in the emplojr of the firm. The 
effect of this proviso is to diminish the rate of increase of the 
salaries of the more highly-paid employees and officials. At the 
present time the maximum sum beyond which salaries cannot 
be increased amounts to £900. It is well known that much 
higher salaries are often paid by other industrial concerns, and 
it is a matter open to argument whether it was wise to insist on 
such a restriction. 

It might be argued that an undertaking which, like the one in 
question, occupies a foremost position in the branch of industry 
to which it belongs, and which intends to retain that position, owes 
it to itself always to fill its leading positions with the best men 
available, even if it be requisite to make material sacrifices 
for the purpose of securing their services. Human nature 
must be taken as it is. These are considerations which 
are surelv deserving of the most serious attention, and 
the founder of the Carl-Zeiss Stiftung did not refuse to 
consider them. But the all-important factor for him was 
undoubtedly the social-psychological disadvantages which re- 
sult, and as experience has shown, must result, when, amongst a 
number of persons working together, there is one who receives 
sums out of all proportion to those received by the rest. 

It is only in accordance with the spirit that governs the whole 
constitution of the enterprise that too violent contrasts should not 
be permitted. In the opinion of the founder the proportion, ex- 
pressed by the ratio of 1 : 10, is already quite large enough. 

The annual income of the employee may, however, be still 
further increased, as the result of the arrangement treated of in 
the next chapter. 
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Profit Sharing. 

A SPECIAL chapter must be devoted to this subject, not on 
account of its intrinsic importance, or because Abbe ascribed 
special importance to it, but because outsiders have fre- 
quently misunderstood its place in the scheme of the organisation ; 
and this seems a suitable opportunity for correcting the misunder- 
standing. 

Many whose knowledge of the social organisation of the Jena 
Works has been acquired indirectly only, either state without 
reserve, that the Works belong to the workmen, or they assert that 
the fact that the workers have a share in the profits con- 
stitutes its most characteristic feature. Both statements are 
false and misleading. In the first place, not only the 
workmen, but all the employees with one exception, hereafter 
referred to, participate in the profit-sharing ; secondly, profit- 
sharing does not constitute an essential part of the organisation, 
but is only of secondary and subordinate importance ; and thirdly, 
whilst it is trvie that the principle of profit-sharing is accepted in 
a certain sense by the Statutes and their framer, it is, notwithstand- 
ing, true only in a sense quite opposed to that of ordinary usage. 

This is not the place to discuss generally the question of profit- 
sharing. We may, however, just glance at the cardinal points 
involved, as they were set forth in a lecture by Abbe in the year 
1897, before the Social Science Association of Jena. Three kinds 
of profit-sharing may be distinguished: — (1) That kind of profit- 
sharing which is intended to lead gradually to the formation of co- 
operative associations ; and toward which the attitude adopted de- 
pends largely on the view held with regard to the question of co-oper- 
ative associations, i.e., associations in which the workers employed 
constitute, as a whole, the employer. Experience has, however, shown 
that an association of this character can succeed only if it does 
not demand an elaborate organisation, too great a sub-division of 
labour, or the working together of persons of antagonistic types. 
(2) That kind of profit-sharing which, introduced for the purpose 
of ensuring the greatest possible economy of time and machinery, 
results mainly in an increase of the profits of the employer, of 
which profits the worker's share is generally an inconsiderable 
one. It is in fact no more than an imperfect kind of premium 
system, which, carried to its logical conclusion, leads simply to 
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piece-work, (3) That kind of profit-sliaring which is recommended, 
amongst others, by Freese as " one of the most effective means 
for raising the economic position of the working classes, and the 
best that can he adopted for bringing about improved relations 
between employers and employed." This looks very pretty on 
paper, but if looked at in the light of day the illusion vanishes. 
Under present economic conditions the rate of wages is entirely 
governed by the law of supply and demand, and consequently, it 
by no means follows that a share of the profits will produce any 
addition to the worker's ordinary wage, since its effect is to de- 
crease the rate of wages. The remuneration, as determined by 
the law of supply and demand, will under the system consist of 
the sum of the wages and profit, and the worker will find that he 
has merely surrendered something which, for the time being at 
any rate, was certain, in exchange for something that is quite 
uncertain ; whilst the employer will secure the advantage of ap- 
pearing to be actuated by humane and unselfish motives, 
in voluntarily surrendering to the worker a portion of his 
profits. Although, as will be seen from this statement of 
his opinions. Abbe did not look at all favourabh^ on profit- 
sharing, he has, notwithstanding, provided for it in the 
Statutes of the Stiftung. He has, it is true, made it permissible 
only, and not obligatory, but still it is assumed that should the 
year's business be sufficiently remunerative, a portion of the profits 
will be divided between the employees. How is this contradiction 
to be explained ? Did Abbe alter his opinion 1 To arrive at a 
correct reply we must consider these questions in relation to the 
present economic order, and more particularly in relation to the 
present state of the law affecting the rights of labour. The Law 
does not take account of the rate of wages ; but there is no reason 
Avhy wages should not be regulated by a private statute, and this 
is exactly what has been done in the Statutes of the Carl-Zeiss 
Stiftung. When an employee of the Zeiss Works has once reached 
a certain wage and drawn it for a year, this wage cannot be 
reduced, even if business should become slack ; and, as 
will be seen further on, it is not practicable, without heavy 
•sacrifice, to reduce it indirectly by discharging the em- 
ployee. As, however, when trade is brisk it is necessary 
and just to increase wages, this wage system resembles a ratchet 
wheel, which having, perchance, been turned too far, or 
turned when it should have remained stationary, cannot be 
turned backwards ; in like manner, wages once raised cannot 
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be reduced, and a heavy loss might thus be incurred. The most 
obvious and certain way of obviating this risk is, of course, to 
deprive the wheel of its pawl, i.e., to increase wages when trade 
is brisk, and to reduce them when it is bad. But is there no other 
less drastic way ? Would it not suffice to make use of the ratchet 
wheel and the pawl, but to interpose somewhere in the mechanism 
a small free wheel that could be turned in either direction 1 

In accordance with the considerations just referred to, the 
Statutes of the Carl-Zeiss Stiftung provide that the remuneration 
paid to employees, whether salary or wage, shall be composed of 
two parts : — 

1. — A fixed and irreducible amount. 

2. — A variable amount depending on the result of the year's 
trading. 

Reconsidering now the entire position, it will be apparent that 
the feature by which the Zeiss Works is distinguished from busi- 
nesses carried on under ordinarj' commercial conditions, is not the 
adoption of profit-sharing, but the fact that at the Zeiss Works 
the employees participate in the profits only, whilst at others 
thev share not only in the profits but also in the losses. 

It should be stated that the use of the term " profit-sharing " is 
avoided in the Statutes, and that its place is supplied by the less 
formal, but more descriptive phrase, " supplementary payment of 
wages and salaries." All employees — with an exception to be 
mentioned later — participate in this payment in the same propor- 
tion, that is to say, they all receive the same percentage of their 
annual income. The amount actually' paid depends upon the nett 
profit made, or to be more exact, on the amount which is available 
after the minimum sum reserved for the Stiftung has been set 
aside. 

This method of dividing the profits appears theoreticall}- to be 
exceedingly well devised ; but human nature being as it is, it does 
not in practice work out quite in the manner anticipated, more 
especially as the persons concerned have not yet been sufficiently 
educated to appreciate full}' the advantages to be derived from it, 
and to subordinate their feelings to their judgment. Men are so 
apt to view things, not as they are in themselves, but as they 
affect them, that it is only natural that a workev who has once 
received a dividend of 10 per cent, should be dissatisfied with one 
of 5 per cent, only ; whilst he is, of course most unreasonably, 
disposed to consider himself a very ill-used person if some year 
he receives no dividend at all. And this is exactly what has 
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occurred. From 1896 to 1902 the supplementary payment varied 
between 5 per cent, and 10 per cent., with an average of about 
9 per cent., that is to say, at approximately an extra month's 
monejf per year. When it became known that for the year 1903 
there would be no supplementary payment, a considerable number 
of employees plainly showed that they considered themselves 
defrauded of their just due. Many of them, having calculated on 
the certainty of receiving supplementary payment, declared that 
they were unable to make their usual Christmas purchases, whilst 
others said that they could not even pay their debts. They 
ignored the fact that the wages at the Zeiss Works are 
considerably higher than those paid at other similar estab- 
lishments, and that the supplementary payments were not 
intended as regular and annual premiums. An impartial 
observer, interested solely in the sociological and econo- 
mic aspect of the subject, can only consider it a fortunate occur- 
rence that, for once, no supplementary payment could be made, 
as the longer it had continued to be regularly received the more 
keen would have been the disappointment felt, when it became 
necessary to interrupt it. 

It is, of course, quite another matter to investigate the causes 
which led to the reduction in the amount, or the total disappear- 
ance of the supplementary pa3'ment. This investigation is so im- 
portant and interesting, that some space may well be devoted to it. 

It is, of course, easy to say that the fact is sufficiently accounted 
for by depression of trade. The reply is certainly the most obvi- 
ous, and in most cases it would undoubtedly be correct. But on 
the only two occasions when the supplementary payment had 
either to be reduced or withheld, it was not due to bad trade, as, 
in consequence of the constantly-increasing variety of its produc- 
tions, the Zeiss Works has not yet experienced bad times ; the 
true reason was that the wages paid for piece-work were unreason- 
ably high. When the books had been made up, the management, 
itself, was disappointed at the small amount available for distribu- 
tion. Judging by the business done, a different result might have 
been anticipated, and the question arose to what cause the result 
was due. Upon investigation it came out clearly that it was 
mainly due to the cause already stated, that is to say, that the 
amount which should have been available for supplementary pay- 
ments had already been distributed in the form of excessively high 
wages for certain kinds of piece-work, to the gain of some of the 
workers, and to the loss of all the rest. It will be seen, therefore. 
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that the system of profit-sharing, besides serving its ordinary pur- 
pose, performs a subsidiary function, which is of the greatest value 
to the management ; it acts as a kind of a barometer, which shows 
whether the rate of wages and the general expenses are too high, 
and if they are it indicates the necessity for a change. 

It is now clear that the wages received by a piece-worker can 
be resolved — not into two, but into the three following parts : — 

1. — A time wage, which is fixed and irreducible. 

2. — An additional wage for piece-work, the amount of which 
depends upon the individual. 

3. — A supplementary payment, depending on the prosperity of 
the business. 

The only persons who do not participate in the profit-sharing are 
the members of the Board of Management, that is, the very persons 
to whom, in ordinary industrial undertakings, special payments 
are made. The justification for a provision W'hich must at first 
sight appear strange, is to be found in the circumstance that the 
Board of jManagement is the authority to which is entrusted the 
drawing up of the estimates, together with all their details, such 
as the determination of the rates of pay for time and piece-work, 
the amount to be carried to the reserve fund, the payments to be 
made to the different funds, the selling price of instruments, and 
the like. The Board of Management is therefore in a position to 
increase or decrease artificially, within certain limits, the nett 
profit, on the amount of which depends the sum available for profit- 
sharing. And if the nett profit were thus artificially increased 
by a reduction in the rate of pay, for instance, for the pur- 
pose of having a larger sum available for distribution among 
the employees, it might happen that whilst all those receiving 
fixed salaries, including the members of the Board of Manage- 
ment, would receive increased shares, the sum paid to the wage- 
earners under the head of profit might be insufficient even to 
compensate them for the reduction in their wages. 

Although the strict logic of this argument might be admitted, the 
objection may nevertheless be raised, that the Statutes do not apply 
the ethical principles on which the entire organisation is based to 
the treatment of the members of the Board of Management. Even 
the logic itself might be called in question, on the ground that the 
Statutes provide ample guarantees that the estimates shall not be 
influenced by considerations of the character referred to. The 
real interest of the matter does not, however, extend beyond a 
consideration of the principle involved ; as, even should the mem- 
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bers of the Board of Management participate in the division of 
the profits, their remuneration would still be much below that paid 
to people occupying similar positions in other concerns. On the 
other hand, the members of the Board of Management — at least 
in theory — participate, equallj' with the ordinary employees, in 
the benefits of another provision of the Statutes. This is the pro- 
vision which authorises a special payment, as an honorarium, in 
the event of pecuniary advantages accruing to the firm in conse- 
quence of exceptional scientific, technical, or economic activity on 
the part of any employee or worker. One almost feels that such 
a proviso is really but a concession made to prevailing economic 
conceptions, because Abbe, who has never hesitated to place his 
entire intelligence at the service of the enterprise, makes, in fact, 
the same demand of all employees. And it seems somewhat of a 
contradiction to say : It is your duty to exert yourself to the 
utmost, but if you do something beyond that, you shall receive 
a special reward. As things go, however, logic must sometimes 
take account of average human nature, which insists that he who 
secures exceptional advantages for the enterprise for which he 
works, is entitled to profit by these advantages. In a good many 
instances, employees have already been allowed to benefit by this 
proviso, and the same policy will undoubtedly guide the manage- 
ment in the future. The practice has lately been extended in a 
direction which more especially benefits the worker ; rewards have 
been offered for practicable proposals for the improvement of the 
business in any respect. These proposals are to be made in 
writing, identified by a motto only, in the first instance, to ensure 
their being examined on their merits. These facts are particularly 
deserving of attention in view of the legend which has grown up 
respecting the Spartan severity of the Carl-Zeiss Stiftung in matters 
of this kind. 
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The Relations between the Proprietors 
and the Workers. 

BEFOEE we proceed to matters of detail, let us for a moment 
consider the real character of the Carl-Zeiss Stiftung and 
of the Optical Works which it owns. It is not easy to 
comprehend the true character of an organisation so novel as that 
devised by Abbe, and it would be as well to view it from various 
standpoints, before deciding to what extent it differs from other 
undertakings, and how much it has in common with them. Abbe, 
himself, on one of the occasions already referred to, with the luci- 
dity characteristic of him, and in language more colloquial than that 
of the Statutes, attempted to impart to those working under him 
an accurate conception of the real nature of the community to 
which they belonged. When it is remembered that even well- 
educated persons have often, notwithstanding repeated attempts 
at explanation, obstinately persisted in maintaining totally errone- 
ous views respecting the organisation, it is scarcely a matter for 
surprise that Abbe was but partially successful in his efforts. 

What are the relations that subsist between the Carl-Zeiss Stif- 
tung and its employees, that is to say, between the Stiftung as 
the manager, representative, and proprietor of the concern, and 
the entire staff, comprising not only the heads of departments and 
the scientific collaborators, but also the workers at the vice and 
lathe? The study of these relations, as outlined in divisions 3, 4 
and 6 of the Statutes, makes it clear that the Optical Works are 
nothing but a productive co-operative society. The Works are 
owned, not l^y an individual, not even by a number of individuals, 
but by a body corporate — the Stiftung. This body corporate, more- 
over, is not, as in the case of the Board of an ordinary limited 
liability company, a representative of the interests of invested capi- 
tal. The capital is in this case provided and increased by the con- 
cern itself, although it is true, even if the founder did not say so, that 
this has become possible only by the aid of a gift. To express 
it differently : in this instance the capital is not the master, but 
the servant of labour ; the Works belong collectively to all em- 
ployed in them, subject to the conditions that their proprietarv 
rights are limited to the enjoyment of the benefits of the concern,, 
and that they have no power to assign their interest to others. 
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What interests, it may be asked, are in the absence of an inde- 
pendent capital represented by the firm '( The firm represents the 
interests of the community as opposed to that of tlie individual ; 
the permanent as opposed to the temporary' interests. The 
relation existing between it and its employees is similar to that 
existing between a municipality and its citizens. It has to bear 
in mind not only the present, not only the now living generation, 
but the future also, the interests of generations to come. It has 
especially to regulate the division of profits and to see that whilst 
the workers receive their due, the firm also receives what is due 
to it. 

The question arises : What persons are to supervise the division 
of the profits, and at the same time to undertake all the other duties 
which it is the business of the firm — which after all is but an ab- 
straction — to see carried out .' This at once leads Lo a limitation, or, 
to be accurate, to a more correct definition of the term productive 
co-operative society used above. In such associations the usual 
practice has been that the associates should themselves attend to the 
matters above referred to, through the medium of an elected board 
or committee ; a mode of procedure that has been shown by expe- 
rience to be extremel}' defective. This fortunately is not the case 
at the Optical Works; we say fortunately, because if it had been, 
none of the steps which during the last quarter of a century, have 
made the business great would have been taken. There would 
have been no unity, no proper understanding, no capacity for 
viewing the parts in relation to the whole. The board of manage- 
ment of such a concern, if it is to be successful, must be inde- 
pendent of the will of the individual members of the society ; 
it must be responsible only to the whole of them collectively. To 
correctly define the character of the Stiftung, the following limita- 
tion must therefore be introduced: — "The Optical Works is a 
productive co-operative society only with respect to its economic 
interests and not with regard to its administration and manage- 
ment." 

But how is it to be ascertained how much of the annual profit 
should be divided and how much should be retained as collective 
property f Generally speaking this is a very difficult problem to 
solve ; but here again Abbe has taught us to differentiate in a 
remarkably simple manner between these shares. The collective 
property comprises, first, all that is purely the result of co-opera- 
tion and of the general organisation ; secondly, that which is the 
outcome of more specialised organisation, of the use of machinery, 
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and the like ; thirdly, all that is due to patent protection, the 
value of which may be estimated from the amount received for 
licenses; and to all this must be added everything that cannot be 
the result of individual labour. This leads to the conclusion that 
at least a quarter — more correctly, perhaps, a third — of the profits 
should be reserved as collective property, to be used partly for the 
purpose of increasing the common wealth, and partly to provide 
a guarantee fund to meet future obligations. 



The Working Day. 

THE question of how many hours it is good for a man to 
labour is not only one of the most important which the 
science of economics has to answer, but it is closely related 
to some of the most momentous problems around which rages the 
battle for social development. The social struggle, like every 
other, is fought out by two parties occupying opposing camps, and 
the main question to be decided is : Who are these parties? To this 
question three different answers are possible. The first and most 
obvious, and therefore the most superficial reply, is that the con- 
flict lies between employers and employees. The second, which 
is the reply of the average member of ordinary political parties, 
is that the parties concerned are, on the one hand, the employers 
together with those of the workers who are reasonable enough to 
recognise that their interests are identical with the interests of 
the employers ; and on the other hand, all the workers who are 
unreasonable and foolish. The third view, which is that on which 
all Abbe's labours in the field of social re-organisation have been 
based, maintains that the fight is between all sensible members of 
both classes on the one side, and all foolish and unreasonable ones 
on the other. The characteristic feature of this view is, of course, 
the recognition of the fact that it is only a stupid fiction to assert 
that whilst there exist both reasonable and unreasonable workers, 
all the members of the employing class must of necessity be reason- 
able. 

The question we are discussing in this chapter provides a good 
touchstone for testing the validity of the three positions referred 
to above. The advocates of the first-mentioned position affect to 
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believe that it is to the interest of the employer that the working 
day should be as long as possible, and to the interest of the worker 
that it should be as short as possible ; of course, provided always 
that the wages do not alter. The employers belonging to the 
second class, who believe in paternal government, say to their 
employees : we are quite willing to make sacrifices for your sake, 
but you must be reasonable and not expect too much. Both these 
views take it for granted that the interests of the two classes are, 
of necessity, in conflict. But surely before the validity of this 
assumption is accepted, it should first be examined and put to 
the test. Abbe having done so, arrived at the conclusion that it 
cannot be maintained ; that whilst too short a working day injures 
the employer, and too long a one injures the employee, there 
exists a golden mean that is equally advantageous to both parties ; 
and that nothing further remains to be done than to determine 
this mean by scientific methods, and then to regulate the hours of 
labour in conformity therewith. The right length of working day 
may vary in different branches of industry ; it is not even neces- 
sarily the same for the same kind of industry under different cir- 
cumstances ; The weaving industry may, for example, require a 
longer or shorter day than that of electrical engineering ; an in- 
dustry carried on in a large town, a different one from a like 
industry located in the country ; but it is always possible, scientific- 
ally, to determine what length of working day is, under the circum- 
stances, most advantageous to botli parties — best for the workers, 
because it allows them to take proper care of their health, and to 
recuperate their strength from clay to day, and best also for the 
employers, because the labour of workers in good health is better 
and more energetic than that of those in poor health, whilst in 
consequence of the shortened hours of labour a considerable saving 
is effected in expenditure of power. 

In an earlier chapter we have had occasion to state that the 
enterprise has taken the old proverb : " Bast ich, so rost ich "* as 
its motto. But there is scarcely a proverb to which there cannot 
be contrasted another that, fairly interpreted, is just as 
true. The proverb " Bast ich, so rust ich "t expresses a mean- 
ing which, although quite the opposite of that of the previously 



*Rast ich, so rost ich. — To rest is to rust, 
t Rast ich, so riist ich.— To rest is to prepare. 
The reader will observe that the contrast hetween these proverbs is due to 
the change of a single vowel. This play on words is, of course, obscured by 
translation. 
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quoted one, is equally true. Every reasonable employer should 
bear in mind the applicability to his workers of the latter proverb, 
and remember that it is bad policy to mobilise one's troops without 
leaving them sufficient time to get ready to take the field in good 
order and readiness for action. 

In an address delivered before the Social Science Association of 
Jena, in 1901, Abbe dealt in an exceedingly clear and able 
manner, on the basis of his own views and experience, with the 
problem of the shortening of the working day. So much of this 
address as can be repeated within the space available is here briefly 
summarised ; — In the early part of the year 1900, the employees of 
the Optical Works were asked to say whether they thought them- 
selves capable of, and were willing to do, as much work in eight 
hours as they had heretofore done in nine. Six-sevenths of the 
replies were in the affirmative ; and as a consequence the working 
day was reduced, at first tentatively, for a J'ear, to eight hours. 
The result was satisfactor}' in the highest degree. An accurate 
comparison of the work done before and after the change could, 
for various reasons, be made only in the case of 233 piece-workers. 
It was, however, found that in this instance the output, so far 
from having diminished, had actually increased bj' 4 per cent. ; or, 
to put it in another way, the hourh? rate of pay, which to enable 
the worker to earn the same as heretofore should have increased 
by 12 per cent., had in fact risen by 16 per cent. Notwithstanding 
that the conditions of work vary very considerably, the above result 
was found to be applicable to workers of all ages, and, with per- 
haps a single exception, to every department. At the same time 
the efficiency of the machinery was considerablv increased. 

Still more interesting than the results of this statistical investi- 
gation were those of a psychological enquiry, which was carried 
out secretly, and which supj)lied evidence, the value of which was 
all the greater because the results in question, objectively con- 
sidered, were in opposition to the subjective feelings of the people 
concerned, and could not therefore have been influenced thereby. 
The workmen, when asked, invariably declared that in 
order to avoid loss they had worked very hard at first, 
after the introduction of the eight-hours day, but that they had 
been unable to keep up the pressure, and had fallen back into the 
old routine. They therefore wished to return to the nine-hours 
day, as otherwise their position would be very unfavourably 
affected. The records, however, showed that whilst it was un- 
doubtedly true that the workers had laboured for the first few 
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days under abnormally high pressure and had then slowed down, 
they had, notwithstanding, ultimately accommodated themselves — 
not, as they imagined, to the former hourly, but to the former daily 
output, doing in fact a little in excess of this. This shows that 
work under increased pressure, so long as the pressure is not so 
great as to lead to an increase in the daily output, does not 
produce over-exertion. 

What is the explanation of this remarkable objective and sub- 
jective result? It is true, as experiments carried out in England 
more especially have proved, of all kinds of work, not necessarily, 
of course, with reference to the same number of hours as in this 
case. The explanation must, therefore, be of general application, 
and must be sought in the constitution of the human character. 
It is at this point that Abbe rounds off his statistical-psychological 
structure with a laAV, as simple as it is original. He presents this 
law in the form of a mathematical equation, which postulates that 
just as man to avoid financial bankruptcy, miast balance his income 
and his expenditure, so in like manner, to avoid bodily exhaustion, 
he must balance his physical forces. As " many a mickle makes 
a muckle," so if he expends energy at a greater rate than he can 
recuperate, no matter how small the excess of expenditure, he must 
sooner or later break down. Abbe's law consequently states that 
the energ}' expended daily must not exceed that stored up, or to 
express it in more popular language, that the recuperation must 
be equal to the fatigue. The e(|uational form of this law is 
obviously that F must be equal to E, where F and R, respectively, 
denote fatigue and recuperation. This equation expresses the con- 
dition which must be satisfied in order that a given physiological 
effort shall result in the maximum yield of work. Expressed in 
this vague and general manner, it may not signify very much, 
but it becomes a matter of vital importance as soon as it is recog- 
nised that the two quantities F and R have a precise scientific 
and psychological value, and that they can by suitable analysis 
be expressed in terms of their fundamental units. Fatigue 
results from the using up of material indispensable to the mainten- 
ance of the organism, and from the accumulation in the organism of 
substances which are prejudicial and in the long-run poisonous. 
The recuperative process is the exact converse of this. And to 
make the result of the one process equal to that of the other it is 
necessary for R to be equal to F. 

The quantity F, that is to say, Fatigue, can be resolved into 
three distinct parts. The first of these is represented by the daily 
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output, the second by the rate at which the work is performed, 
and the third, which is for our purpose the most important, by 
the exhaustion which results in pauses in the work — the time occu- 
pied in standing or sitting idle, in consequence of the noise, worry, 
and the comparatively bad air of the workshop. These short 
interruptions of work, lasting in each case only a few seconds, or 
at most a few minutes, cannot be considered as the equivalent of 
an interval of rest equal to their sum ; on the contrary, instead 
of counteracting the fatigue due to the actual work, they neces- 
sarilv make a further contribution thereto. This part of F is 
clearlv analogous to the idle running of an engine, and may there- 
fore be called the idle running of the worker. 

It is now obvious that Abbe's equation points to the following 
conclusion: — The working day may be reduced to such a degree 
that the exhaustion due to the increased pressure under which the 
work has to be carried on is balanced by the increase of recupera- 
tion due to the increased leisure, and the reduction of the idle 
running. In this wav the length of the most effective working day 
ma^f be determined. It is obvious that this length must vary in 
different industries, both in consequence of the variation in the 
difficulties and the character of the work itself, and on account 
of the wide limits in the rate at which it is performed, which de- 
pends not only on the labourer himself, but on tlie machinery, and 
other circumstances. The more delicate the character of the work, 
and the more the rate at which it can be performed is under the con- 
trol of the workman, the shorter will be the most advantageous 
working day. The experience accumulated at Zeiss', as well as at 
other Works, has sliown that a large proportion of the industrial 
population does not work at the maximum of efficiencj' when working 
nine hours a day, but does so when the day is reduced to eight hours. 
It has been shown in many cases that the introduction of an eight- 
hours day is scientifically justified, because it has been proved to 
be the most advantageous arrangement for both parties concerned, 
for the firm as well as for the workers. Whilst the efficiency of the 
workers has been maintained, the firm has avoided expenses which 
would otherwise have had to be incurred. 

It is impossible here further to discuss this interesting problem ; 
two points, however, must be briefly referred to. It has already 
been stated that the output of the piece-workers was not dimin- 
ished, but rather increased, in consequence of the reduction of the 
working hours. In the case of workers paid by time, only an 
indirect estimate, based on the output of machinery, can be made, 
and if that is done it is found that in. this case also no appreciable 
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diminution can be detected. It must, however, be admitted that 
in the case of time-workers, the result is by no means as favourable 
as in the case of piece-workers — a result that might under the cir- 
cumstances have been anticipated. The shortening of the working 
day must consequently tend to extend, as much as possible, the 
system of piece-work, and in the opinion of those who declare that 
" piece-work is killing work," this is a factor which must militate 
against the advantages of a shorter working day. 

But even if it is thought that the saying just quoted may have 
some justification, Abbe's investigation clearly shows that it is 
not justifiable to base on it an argument against reducing the 
length of the w^orking day. Piece-work, if carried on under too 
high pressure, is, it is true, killing work, and does harm to the 
individual, whose only thought and care is to turn out as much 
woi'k as possible ; but, as we have seen, this condition does not 
arise at all, because the worker so easilj^ accommodates himself to 
doing more work in less time, that he entirely loses his apprecia- 
tion of the fact. Consequently, however justifiable it may be 
under some circumstances, the saying ceases to be applicable as 
soon as a working day of the right length has been adopted. 

The second point to be dealt with relates to the increased leisure 
resulting from the reduction of the working day, and to the question 
as to how the worker should spend his time. Generally speaking, 
the employer has no concern with this question, provided the 
worker does not so emplo)' his leisure as to counteract the advan- 
tages to be derived from the shortening of the working day. 
It is his duty, during liis leisure hours, to give sufficient rest to 
those bodily and mental functions which are active during his 
employment ; and a regulation to that effect has actually been 
introduced at Jena. So long as this is done it is a matter of no 
concern to the management as to how the worker occupies his 
leisure time. The individual is sure to find some suitable occupa- 
tion in the nature of a change to his regular work, according to 
his tastes and capacity ; his family, home and garden are cer- 
tain to afford suggestions. And if it be argued that in- 
crease of leisure goes hand in hand with an increased opportu- 
nity for abusing it, it may be replied that a worker who elects to 
fritter away his leisure time in questionable pursuits will generally 
do so, no matter whether the time at his disposal is an hour more or 
less. At all events a great step in advance should not be withheld 
on account of possible injury to a small proportion of the people 
it is desired to benefit, due to their misuse of the opportunities 
provided. 
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In consequence of the success of this experiment, the eight- 
hours day was finally introduced on the first of April, 1901. In 
contrast with the practice observed in some Berlin concerns, the 
working day at Jena is divided into two periods, so as to allow 
from 1^ to 2 hours for dinner, a suitable arrangement for a small 
town. The working hours extend in summer from seven in the 
morning, to half-past eleven o'clock, and in the afternoon, from 
half-past one to five o'clock ; in winter from eight to twelve 
o'clock, and from half-past one to half-past five o'clock. Overtime 
is only allowed under exceptional conditions, and must be corres- 
pondingly paid for ; on the other hand, however, if the workers are 
put on short time, which can occur only under very exceptional 
circumstances, no deduction is made from the full wage. 

And now, before proceeding to a different branch of the subject, 
we must say a few words on a matter which apparently, at first 
sight, has no connection with anything with which we have dealt. 
The circumstance that on the first of May, work at the Jena 
Works was stopped at eleven o'clock, caused a great sensation in 
Germany, and was denounced by many as a capitulation to the 
demands of Social Democracy. No one who attended the memor- 
able meeting at which Abbe delivered the lecture on the eight- 
hours day to which we have referred, can share this view. In 
this lecture Abbe explained, with the scientific reserve demanded 
bv the subject, his theory of the physiological equivalent of labour 
and the right length of the working day, and gave the results of 
the experimental testing of the theory, as carried out at the place 
he himself was connected with. And then, in a peroration spoken 
with a voice which showed how near the subject was to the speaker's 
heart, he referred to the conditions of bygone times. He began 
with a description of the infamous conditions under which people 
worked for 13 and 15 hours a day, even so late as the middle of 
the 19th century. He referred to the ever-memorable Bill for 
restricting the working hours of women, which was introduced to 
the British House of Commons in 1846 — a Bill that inspired 
Macaulay's celelirated oration, and the acceptance of which, when 
it did occur,* marked the first sign of better times. And the day 
on which the first dawn of social progress gladdened the hearts 
of the workers, fell on the 1st of Mav. 



* The " Factory Limitation Act," which limited the working hours of women 
and young persons to ten hours a day and fifty-eight hours a week, was passed in 
1847, and took full eft'ect from May 1st, 1848. A similar bill had been rejected, on 
the second reading, in 1S4(;, by 203 votes to 193. It was during the debate that 
led up to this rejection, that Macaulay delivered his famous speech. [Trs.] 
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Provision for the Welfare of Employees. 

IN this chapter we intend to enumerate some of the many 
arrangements made by the firm for the welfare of tlie em- 
ployees. It need scarcely be stated that the origin of most 
of these provisions dates back to a period anterior to the foundation 
of the Stiftung, and that tlie Statutes only codified and extended 
them. 

(,;) HOLIDAYS GRANTED TO WAGE-EARNERS.— When 
every official enjovs an annual holiday, during which he continues 
to receive his salary, it is onlv fair that the same privilege should 
be extended to the workmen. On the other hand, it can- 
not be expected that they should be paid the full amount 
they would earn by piece-work, as that is calculated on 
the basis of a minimum time-wage, to which is added a 
supplementary wage for special industry, skill and capability. 
As a matter of fact, then, every workman is granted six days' 
holidav in the year, during which he receives the standard time- 
wage. Of course, the workers, with the concurrence of the manage- 
ment, have to make suitable arrangements among themselves for 
distributing over the whole year the time during which the holi- 
days are taken, so as not to interfere with the routine of the busi- 
ness. No difficulty has as yet arisen in doing this. 

{b) SICK-FUND. — The first sick-fund in connection with the 
Optical Works dates back to 1876, when the firm employed about 
60 workmen. The fund was supported by the regular contribu- 
tions of its members, and by occasional gifts from the firm. In 
1884 its character was changed, to a certain extent, with the object 
of making it conform with the law, and it assumed the name " In- 
dustrial Sick-fund." The amount of the sick pay was fixed for 
the first six months at three-fourths of the wages normally earned : 
for a further three months its amount depended on circumstances. 
The members were free to choose their own medical men. The 
contributions of the members amounted to 1 ■ 2 per cent, of their 
standard wage, the firm itself contributing a further ■ 6 per cent. 
In 1892 the amount of the contribution was increased to 3 2 per 
cent, of the standard wage, the additional income thus obtained 
being used for allowing the families of the workers to participate 
in the benefits of the fund. The firm then undertook to contri- 
bute a sum ecjual to half the amotint of the total contributions. 
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without exercising its legal right of interfering with the manage- 
ment of the fund. It only reserved to itself a veto against any 
proposal to dissolve the fund, to change its constitution, or to 
alter the amount of its contributions. 

(c) PENSION STATUTE.— The arrangements made by the firm 
to insure the material welfare of its employees in cases of old age 
or incapacity for work, date back to a period long anterior to the 
time when these matters were regulated by law. The pension 
statute was issued on the day of the death of Carl Zeiss, and 
therefore dates back to the year 1888. The benefits which the 
workers derive under it greatly exceed anything demanded by law, 
not merely with respect to the amounts to which the workers them- 
selves are entitled, but more especially on account of the fact that 
their families also participate in them. The Statutes of the Stif- 
tung provide that under certain circumstances the provisions of 
the pension statute should become still more favourable to 
the workers. As these conditions have since been fulfilled, the 
rules at present in force provide as follows : — 

Every employee, clerk, or workman who, before completing his 
40th year, enters either of the Works belonging to the Stiftung, 
is entitled, after five years' service, to a pension for himself, in 
case of his being incapacitated for work by disease or age ; whilst in 
the event of his death, his widow and orphans become entitled to 
pensions. These claims are enforceable at law. Time spent in 
the service of the firm by an employee, whilst under the age of 
eighteen years, does not count for a pension. The calculation of 
the pension is based upon the monthly earnings, so long as they 
do not exceed, for workers with five, ten, and fifteen years' service, 
£5, £6, and £7 respectively ; the maximum monthly earnings for 
foremen, counting-house and other clerks, under like circum- 
stances, being £6, £8 and £10 respectively. Any employee who has 
been from five to fifteen years in the service of the Stiftung is 
entitled to a pension amounting to 50 per cent of his income, 
determined under the limitations referred to above. For each 
subsequent year of service his pension is increased by 1 
per cent, of his salary, so that at the end of forty years' 
service it amounts to 75 per cent, of his income — the maximum 
percentage given. If upon attaining the age of sixty-five, he has 
been in the employ of the firm for thirty years or over, he is 
entitled to a pension of 75 per cent, of his income. Finally, the 
widow of an employee is entitled to 40 per cent., and each of his 
orphans to 20 per cent, of the pension to which the husband or 



121 

father would have been entitled ; the total amount receivable by 
a family being, however, limited to 80 per cent, of the pension. 

The payment of the large sums, which may become due under 
this scheme, is guaranteed by the establishtment of a special reserve 
fund, the total amount of which is increased annually in a definite 
proportion to the profits of the business. To provide, moreover, 
against the contingency that the demands on the fund might in- 
crease to such an extent as to cripple its capacity, it has been 
thought well to make the employees contribute at a very moderate 
rate towards a Widows' and Orphans' Fund. But no contributions 
are asked for — nor, under the Statutes, can be demanded — tov/ards 
the insuring of the employees themselves. 

The Statutes further stipulate that employees " entitled to a 
pension and who have become invalided, or partly or wholly inca- 
pacitated bj' disease, or by any other cause not due to their own 
gross negligence," can onlj^ be dismissed by the payment of that 
pension. This provision makes it impossible, lawfully, to dis- 
miss an employee, whose health has become precarious, with the 
object of saving his pension ; an event, moreover, already provided 
against by the Statutes of the Stiftung. 

(d) COMPENSATION IN CASE OF DISMISSAL.— One of the 
most idealistic demands made by the representatives of the working 
classes in the constant struggle for emancipation, is undoubtedly 
the one epitomised by the words : " the right to work." It is 
idealistic both in the sense that it is impossible to doubt the high 
ethical justification of the principle embodied in the demand, and 
in the sense that its realisation appears to be, even if not actually 
impossible, at all events exceedingl}^ difficult. But as long as the 
State is not in a position to take steps to bring the demand nearer 
to realisation, it remains the duty of private emploj^ers to remove, 
at least the worst of the evils inseparable from the present system. 
The first and perhaps the greatest evil to be fought against is the 
practice, which in oonsec|Uence of increased industrial activity and 
the spread of business due to the inventive spirit of the age, has 
in recent years shown a constant tendency to increase, of arbi- 
trarily engaging and dismissing large numbers of workers who are 
first tempted by the offer of high wages to leave more modestly 
paid but certain employment, and are then turned adrift as soon 
as the first rush of the new business is over and things begin again 
to steady down. Recognising that by such a policy a large un- 
employed proletariat is, so to speak, artificially bred, and that the 
practice in question must in many instances lead to over-produc- 
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tion and its attendant evils, tlie founder of the Carl-Zeiss Stiftung 
has included in its Statutes a provision which will, probably, for 
some time to come, make it difficult to increase the number of 
employees. In accordance with this provision any employee, who, 
after being employed for three years or more, receives notice of 
dismissal for no fault of his own. is entitled to a payment in com- 
pensation, the amount of which must be at least equal to half his 
yearly salary or wage, and to a quarter of the pension to which 
his length of service has entitled him ; whilst in the case of an 
employee who has not served so long, this payment is, of course, 
proportionately less. 

The payment of compensation for discharge represents, as it 
were, a kind of insurance against loss of work, by providing the 
discharged workman with the means of temporarily tiding over a 
bad time, and securing him leisure to seek other suitable employ- 
ment. 

The scale, in accordance with which compensation is allowed, 
is so liberal, that any undertaking adopting it, which constantly 
changes its employees, would soon find itself on the verge of 
bankruptcy. At the Jena Works its main function is to serve 
as a barrier against any imprudent increase in the number of 
people employed. Only one occasion has so far arisen on which 
it has been necessary to pay any considerable amount as compensa- 
tion. On the first of October, 1903, it became necessarj' for special 
and someAvhat complicated reasons to discharge 60 workmen. A 
sum of more than £1,500 was paid to them as compensation. 

(r) MINOR PROVISIONS.— In conclusion, we can but glance 
brieflj' at some of the numerous minor provisions for the welfare 
of the employees, many of them quite without precedent in indus- 
trial undertakings. Amongst them are the following: — 

Payment of wages for all holidays not falling on a Sunday : two 
or three days at Christmas, two days at Easter and at Whitsuntide, 
Good Friday, Ascension Day, Day of Humiliation, and New Year's 
Day. These holidays amount in the total to ten or eleven days, 
so that the payments received for them are equivalent to an in- 
crease of income of about 3 per cent. 

A savings bank, into which each worker can put a portion of 
his earnings amounting to £50 annually, and for which he receives 
5 per cent, interest ; a much higher rate than that paid by other 
savings banks. The fact, moreover, that the savings bank, by 
its convenience, encourages the worker to save, must not be lost 
sight of. 
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Wedding presents and presents given to celebrate length of 
service. 

Grants of money to assist the emplo3'ees in becoming possessed 
of homes. (We shall refer later to the Building Societ}^) 

Considerable annual grants to continuation schools, as well as 
sums paid for special courses in subjects, a thorough acquaintance 
with which is of service to the employee. 

Food supplied to juvenile workers free, and at reduced prices. 

Since the autumn of 1892, periodical medical examinations of 
juvenile workers, for the purpose of preventing the spread of, or 
predisposition to, certain diseases, to which young people are 
speciall}- liable. This arrangement, which is absolutely without 
precedent, has proved extremelj' beneficial, and has undoubtedly 
in many cases preserved health and saved life. 

BATHS. — Ordinarv cold baths, Russian vapour baths, shower 
baths and massage. The baths are open during the whole 8 hours 
of the working day ; each workman is allowed half an hour weekly 
for a bath ; everything is free. About 40,000 baths are annually 
taken. 

Some other institutions connected with the Works, the bene- 
fits of which are not limited to the workers, will be described in 
a later chapter. 



The Patent Question. 

THE full significance of the growth of the Jena Works which, 
at all events in the field of practical optics, has been with- 
out precedent, cannot fairly be estimated unless another 
most important factor be taken into account. It is often asserted 
that an industry cannot be created, or its development assured, 
unless extensive and effective measures are taken for the protec- 
tion of its productions, as by the taking out of patents and the 
imposition of protective duties. The Zeiss Works, however, 
aft'ord a splendid example to the contrary. Their experi- 
ence incontestably proves that a new undertaking can gain 
a prominent position in the industrial world without 
such adventitious aids. The protective duties levied on the 
productions of optical and mechanical workshops have never 
amounted to much. Within recent years the German Association 
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for Optics and Mechanics, influenced no doubt to a considerable 
extent by the teaching of Abbe, has expressed itself to the effect 
that these duties should not be increased, and that any success 
achieved should have for its foundation the excellence of the in- 
struments produced. 

The position maintained at Jena with reference to the patent 
question is especially worthy of attention. For forty years the busi- 
ness was carried on without any patent protection whatever for the 
products of its skill ; yet in spite of this the apparatus made at 
Jena had been able to gain a reputation greater than that of the pro- 
ductions of any other firm, a reputation entirely due to the high 
degree of perfection attained. It is in view of this fact that the 
Statutes decree, for all time, that others shall not be prevented, by 
patents or otherwise, from making any instrument or apparatus 
designed at Jena, of which the main purpose is that of study or 
scientific research. 

A different course is pursued with reference to instruments or 
apparatus for more general purposes. The question of patenting 
such instruments arose, for the first time, in connection with the in- 
vention of the anastigmat. On consideration, it had to be admitted 
that unless the firm reserved to itself the right of making the lens, 
not onlv its own business, but even the commonwealth would suffer 
an injury, for which the maintenance of tlie ethical principle in- 
volved would not afford sufficient compensation. Two possibilities 
had to be taken into account. Rival firms would either manufacture 
the lens more cheaply, and consequently of inferior quality, 
in which case the public would soon begin to under-estimate the 
intrinsic value of the principle underlying its design ; or 
they would ttirn out work equal to that turned out at Jena, in 
which case, as many would have to share in the profits derived 
from the manufacture of the lens, the price would rise, and the 
public would consequently derive no advantage from the fact that 
it had not to pay for patents. Further, it had to be taken into 
account that whilst the Stiftung is under an obligation to study 
the interests of the representatives of science, to whom its exist- 
ence is due, it is under no such obligation to the general public, 
which, consequently, therefore, can only be considered after the 
Stiftung has discharged its duties to its employees, for the benefit 
of whom it exists. That the interests of the latter suffer when 
the enterprise is deprived of a source of income is sufficiently 
obvious. 

In practice, however, things are not quite so simple. The state 
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of affairs is unfortunately such that the taking out of patents 
must be looked upon as a necessary and unavoidable evil ; for 
not only does each patent application involve a good deal of labour, 
mostly unproductive, but a patent specification is very liable to 
lead to a law-suit, more especially when a critical appreciation of 
the subject matter in dispute necessitates the most delicate differ- 
entiation of work based on highly-specialised knowledge. Who, 
in such cases, can expect a Patent Office, or even a Court of Law, 
to arrive invariably at the truth? And to be defeated in such 
a suit is painful and discouraging to the man who is convinced 
that he is right, and more especially so to the man who works, not 
for himself so much as for his fellows. And even in those cases 
in which the decision is undoubtedly right in the eves of the law, 
that is to say, in which, according to the state of the law, there 
can be no doubt that a claim for a patent cannot be maintained, 
the decision may, nevertheless, not be in harmony with one's innate 
sense of justice. Is it. for instance, possible to feel that the refusal 
of the German Patent Of&ce to grant a patent for the prism com- 
bination, used in the construction of prismatic field-glasses and 
telescopes, was justified by the fact that a paper anticipation, forty 
years old, was found ? This invention was independently made 
at Jena, and the alleged anticipation had all this while lain dor- 
mant and barren of results. Can it be considered just that now, 
after the discovery of its actual value has been made, all the 
makers of optical instrviments should be allowed to participate 
in the profits of an invention to which not one of them had ever 
before given a thought ? So little was the matter thought of, 
that one is justified in stating that what is actually manufactured 
to-day, is not Porro's but Abbe's prism combination. 

But such is the way of the world. Of every new and beneficial 
institution — and the system of granting patents, undoubtedly, be- 
longs to this class — it can be said as of an engine, that it never 
produces more than a fraction of the results it is theoretically 
capable of. And we must be contented if the fraction has a posi- 
tive value. 

The Patent department of Carl Zeiss, and Schott & Genossen 
is under the control of an engineer, Mr. Donitz. The legal inter- 
ests of both Firms are looked after bv Dr. Paul Fischer, a solicitor. 
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University Subsidies. 

THE course of development in every branch of human activity 
has, during recent years, made it increasingly difficult for 
the small man, or the minor state, to hold its own. Evidences 
of the truth of this statement meet us on every side, not only in 
trade and commerce, but also in the different branches of state 
administration. The general expenses of a minor state are rela- 
tively much heavier than those of a larger one. A minor state, 
wishing to keep up a University, is in a difficult position. The 
Saxon Duchies, which have been formed out of the lands of the 
former Electorate of Saxony, number barely one million inhabi- 
tants, whilst the Prussian Rhine province has between five and six 
millions. It is obvious, therefore, that the Duchy cannot possibly 
spend as much public money on the University of Jena as the 
Prussian Government can spend on the University of Bonn. And 
if it were not for the large sums of money the Thiiringian Univer- 
sity receives from private sources, there is little doubt that it could 
not continue to meet and satisfy the large demands nowadays made 
on a University. Amongst the subsidies it receives, by far the 
greatest are those paid by the Carl-Zeiss Stiftung, and it may 
safely be asserted that no other German University, or scientific 
enterprise, receives from a private source amounts approaching 
those paid by the Stiftung to the University of Jena. 

The sums of money placed at the disposal of the University, 
by the Carl-Zeiss Stiftung, may be divided into two classes: — (1) 
Regular periodical payments, made in accordance with a given 
scale, and paid into a separate fund, termed the Univevsitv Fund 
of the Carl-Zeiss Stiftung, and (2) extraordinary or occasional 
pa3-ments. The first are devoted to the maintenance and exten- 
sion of scientifio institutions connected with the University, and 
to the payment of the salaries of a number of the professors ; the 
second are intended to supply the funds for specific objects. The 
condition was at first imposed that the money should be spent 
only in the advancement of physical science, and more especially 
of those branches which are more closely connected with the 
enterprise conducted by the Stiftung ; but latterly a modi- 
fication in the Statutes of the Stiftung has been made, which allows 
the money, or a part of it, to be expended for the general purposes 
of the University. To mention a few instances : Money provided 
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by the Stiftung has been used within the last few yeai'S to carry 
out the extension of the chemical laboratory, and to build new 
laboratories for physics and hj'giene ; whilst a new mineralogical 
institute is nearly finished. The two most important additions 
to the University of Jena, due to tlie initiative of the Carl-Zeiss 
Stiftung, are, however, the Physico-technical and the Chemico- 
technical Institutes, in which the students of to-day — the teachers 
of to-morrow — are given an opportunity^ of becoming intimately 
acquainted with the principal processes of phj'sical and chemical 
technology. These institutes, to the erection of which Otto Schott 
has largely contributed from his private purse, have made Jena 
the equal of Gottingen, and the superior of every other German 
University, not one of which can boast the possession of an equiva- 
lent of either institute. The opportunities they afford are of the 
greatest value even to those who, for any reason, may during their 
course of stud^- decide to take up ph3'sical and chemical technology, 
instead of devoting themselves to teaching. A further improvement, 
due to the initiative of the Carl-Zeiss Stiftung, and which could not 
have been effected without its assistance, has been the re-adjust- 
ment of the salaries of the University professors. To this we shall 
again recur. The largest grant yet made will shortly result in 
the erection of a university building, which will satisfy all modern 
requirements. The total amount of the sums granted by the Stif- 
tung to the University already far exceeds £50,000, and will shortly 
have reached £100,000. 



The People's Institute. 

IT is by no means easv to discover suitable words in which 
adequately to describe the spirit which permeates the rules 
laid down bv the Statutes of the Stiftung with respect to 
the spending of that part of the surplus which is not devoted to the 
benefit of its emplovees. It would be easy enough to speak of 
it as '' democratic," but if that is done we would have to add that 
the word is used, not in its ordinary one-sided sense, as referring 
to a particular class, but in its broader and more comprehensive 
one, as including all classes of the population. It was not the 
intention of the framer of the Statutes to show preference for one 
class more than another, and if it seems, in spite of all this, that 
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the so-called lower orders, the woi'kmg class, enjoy some advan- 
tages, this is due solely to the fact that this class has heretofore 
been neglected to such an extent, that its needs are so much 
greater than those of the more fortunate members of the popu- 
lation. 

Keeping this point in view, and leaving out of consideration, 
for the moment, the grants for University purposes, it will be 
found that the Statutes distinctly ordain that the funds of the 
Stiftung shall be so spent as to benefit all classes, and not one 
class only. They consequently direct that no account shall be 




Fig. 81. Beading Room. 



taken of religious or political opinions, or of social position. 
This direction has been strictly borne in mind in all undertakings 
for which the Stiftung has been responsible, and it is the guiding 
principle in the management of the People's Institute, an institu- 
tion which may justly be considered the glory of Jena. On 
passing from the building, in which the Board of Management of 
the Optical Works is housed, to the Carl-Zeiss Platz, we see in 
front of us an imposing building, planned and decorated in a 
severe but impressive manner in the German Renaissance style. 
This building is the People's Institute, built by the Carl-Zeiss 
Stiftung, at a cost of nearly £50,000. It contains the Schaefter 
Museum, a library and public reading room, a museum of litera- 
ture, a technical school, a large hall for meetings and festivities, 
two lecture halls, an art gallery, ateliers for artists and amateur 
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photographers, a music room, and rooms for other similar pur- 
poses. 

The Reading-Room Association, which was founded some years 
ago, and was at first housed in hired rooms, has since been pro- 
vided with a home of its own in the new building. The greater 
part of the current expenses of the Association is met by grants 
from the Stiftung, whilst a smaller part is met by the contributions 
of ordinary and extraordinary members. There are no other 
sources of income ; the use of the rooms is free to everyone, and 
contributions from visitors are quite voluntary. And although 
Jena, in spite of its 25,000 inhabitants, is after all only a small 
town, its library is, notwithstanding, the best, most modern, and 
most comfortable of all the public libraries in the German Empire. 
It provides for the use of its visitors more newspapers, periodicals, 
and pamphlets than any other German library, and it is visited 
by a relatively larger number than any other. 

The 100 political newspapers, which are at everyone's disposal, re- 
present all shades of public opinion ; even social-democratic papers 
are placed on the table, a circumstance which has caused a great 
deal of discussion, but for reasons already stated, no notice has 
been taken of that. Every visitor to the library will find what he 
requires, and besides, it is obviously illogical to assume that one 
desires to read onlj' the productions of his own party press ; on 
the contrary, the reading room offers to him, who reads at home 
the organ of his own particular party, the chance of extending 
his mental horizon, and of forming an unbiassed opinion by pro- 
viding him with an opportunity of becoming accjuainted with the 
views held by others. In fact, people of all classes — the professor 
and the student, the man of means and the woj'ker — meet harmoni- 
ously at the library. 

A large hall on the ground-floor contains newspapers ; a similar 
one on the first floor, periodicals of every kind, nearly 300 in 
number ; whilst another room contains patent publications, works 
of reference, and pamphlets discussing the (juestions of the day 
from every possible standpoint. 

Connected with the reading rooms is a lending library, that 
issues annually, to the inhabitants of Jena and the neighbourhood, 
over 100,000 volumes. The books lent out belong to everv de- 
partment of literature. An observer watching the stream of 
borrowers will notice that working people and agricultural 
labourers furnish a large proportion of the readers. Amongst 
them are persons who, at first, find it necessary to request the ofii- 
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cials to recommend books to them, but the majority of these soon 
become able to choose for themselves. The technical school and 
the Schaeffer Museum are also housed in this wing of the building. 
The Schaeffer Museum contains a collection of simple, but at the 
same time highly instructive physical apparatus, suitable for use 
in elementary education. This collection was made by the late 
Professor Schaeffer, and was bought after his death by the Carl- 
Zeiss Stiftung. It is especially valuable in connection with the 
lectures by means of which the younger employees of the Optical 
Works are provided with an opportunitj' for continuing their 
studies. 

The part of the building with which we have been dealing forms 
the left wing of the whole structure. It is connected with the 
right wing by a smaller central building, which, amongst other 
rooms, contains a small hall with sitting accommodation for 200 
people. A single glance at the paintings which decorate this hall 
will suffice to inform us that they are from the hand of an artist 
of the modern school. They are the work of Erich Kuithan, who 
was specially brought to Jena by the Stiftung to assist by his 
work and teaching in raising the artistic appreciation of the beauti- 
ful, not only amongst the people connected with the Works, but 
amongst the general population — an action which shows how seri- 
ously the Stiftung takes its mission of raising the level of culture. 

Besides a number of rooms devoted to the art gallery, the 
right wing contains the largest public hall in Jena, capable of 
seating about 1,400 people, and numerous smaller rooms con- 
nected with it. The large hall is principally intended for meetings 
of the staffs of the Optical Works and Glass Works, which, although 
nearly 2,000 in number, have hitherto been without a meeting 
place. It is further intended for meetings, assemblies and festivi- 
ties of every kind. Since, as need scarcely be stated, the hall is 
at the disposal of every party without distinction, it is in the 
nature of things that the social democratic party derives the main 
advantage from its existence ; but this is, after all, only due to the 
fact that the disadvantages of being unable to procure without 
difficulty a suitable place for holding its meetings, has by the 
building of the hall at last been overcome. 
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Other Grants to Public Institutions. 

THE People's Institute occupies such a unique position, in 
Germany at least, that the detail in which we have des- 
cribed it is pardonable. This has, however, rendered it 
necessary that we should refer but briefly to the numerous other 
institutions formed and supported, wholly or in part, by the Stif- 
tung. The most important of these are as follows ; — 

THE JENA BUILDING SOCIETY.— There cannot be many 
places where the demand for small dwellings has been more press- 
ing than in rapidly-growing Jena, where the Optical Works and 
the Glass Works, the railway workshop, and a large number of 
other industrial undertakings are alone responsible for an annual 
increase of population amounting to from six to eight per cent. 
The fact that this demand has been largely satisfied is clue to the 
existence of the Jena Building Society, which, founded in 1896, 
has not only provided nearly 200 cheap and conrfortable homes, 
but has set an example which private builders have followed, and 
has likewise done not a little to bring about an improvement in 
the condition of the already existing houses. Although the Build- 
ing Society carries on its work by means of the contributions of 
its own members, it would scarcely have been possible to start 
it on a sound basis without outside financial assistance, and 
especially without that afforded by the Carl-Zeiss Stiftung, which 
subscribed £750, as a free gift, and advanced an eijual amount 
at the low rate of interest of three per cent. 

The popular courses of instruction and evening meetings, 
arranged by the Comenius Society, are largely supported by the 
firms of Carl Zeiss and Schott & Genossen. 

Grants have, moreover, been made by the Stiftung to the Hospital 
for Consumptives, known as the Sophienheilstatte, at Berka, on the 
Ilm ; the Children's Home at Jena; the Club Frauenwohl ; the 
Public River Baths at Jena and Wenigenjena, and to many like 
institutions. 

Finally, we must again mention the relations between the Stif- 
tung and the University, with special reference to the re-arrange- 
ment of the salaries of the professors ; a subject of which we have 
already spoken in an earlier chapter. It was largely due to the 
co-operation of the Stiftung that an end was put to a condition of 
things which for long had been a crying evil. Until recently 
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the salaries of the Jena University professors were of very modest 
amounts — much lower than those paid at other German Universi- 
ties. The professors, however, as a compensation, enjoyed free- 
dom from taxation. It is obvious that whilst this might be a 
matter of considerable importance to a rich man, it could not 
afford an}' substantial relief to the man of small means. The 
system, therefore, was one which not only unduly favoured the 
rich, but placed the whole bod}' of University professors, morally 
and socially, in a position which, as compared with that of the 
rest of the citizens, was by no means an enviable one. But it was 
a system which seemed almost to have been created for the express 
purpose of realising, with the assistance of the Stiftung, Abbe's ideas. 
This was done. The privilege of freedom from taxation has been 
abolished, and the remuneration of the professorial body arranged 
on a more satisfactory basis. It redounds to the credit of Abbe 
that before providing the means which enabled this to be done, he 
insisted upon the acceptance of two conditions, the outcome of 
the spirit of tolerance and liberality of thought which characterises 
all his actions. The two conditions on which Abbe insisted were, 
that neither the libei-ty to teach, nor the intellectual freedom of 
the teachers, should be interfered with under any circumstances ; 
and further, that the University Institutions should, as far as 
practicable, be used for popular instruction also. 

Our work is done. In the preceding pages we have tried to 
describe a most unique and characteristic enterprise ; an enter- 
prise which bears in all its aspects the stamp of a close and 
intimate union of Idealism and Realism, and which has succeeded 
in less than fifty years in gaining for itself a leading position in 
the industrial world, and in entirely changing the character of 
its immediate environment. The one-time quaint and unpreten- 
tious University town has become a hive of industry, throbbing 
with life and activity. Whilst the majority of its inhabitants, as 
is only natural, rejoice in the change, there are others who, per- 
haps quite as naturally, do not share in this satisfaction, but look 
back with sorrow and regret upon the change which has come o'er 
the scene. What, they say, would the great men of the past, he 
above all others, of whom Jena is so proud, who so often spoke 
with delight of the " dear foolish little town," have said to this 
" degradation " .? His greatest work supplies the answer to this 
question. The Jena of the past was the first Faust, the Faust 
of the study ; the Jena of the present is the second Faust 
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— plunged in the realities of existence, vigorously and strenuously 
helping to raise up the great dyke against the ocean of misery and 
vice which threatens to overwhelm our civilisation. And it may 
be that the man to whom the importance of the Optical Works and 
the creation of the Carl-Zeiss Stiftung is due may have acted in the 
sa.me spirit as Faust, saying with him : 

" And such a throng I fain would see, — 
Stand on free soil among a people free !" 

And the knowledge that in that horrible modern maze — the 
" social question " — he has been enabled to lighten up and clear 
a part of the way leading to a better future, gives us the hope 
and belief that the influence of his life and work will not 

" Through ages from the world depart." 



APPENDICES. 
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A list of the most important Inventions and New 
Constructions made at Jena. 

1868. Abbe introduces bis method of microscope construction, 
consisting in the complete theoretical determination 
beforehand of the required data. 

1872. Abbe's illuminating apparatus for the microscope. (N.A. = 1). 
Earliest microscope immersion system. 

1874. Abbe's refractometer and spectrometer. 

1878. Homogeneous immersion system. 

Apparatus for counting blood corpuscles. 

1881. Abbe's drawing apparatus. 

1885. Photomicrographic apparatus. 

1885. Apochromatic objectives, compensating eyepieces and pro- 
jection eyepieces. 

1888. Photomicrographic and projection apparatus of a large size. 

1889. Monobrom-napthalene immersion system. (N.A. =1-6). 

1890. The " anastigmat," later called the " Protar " photographic 

objective. 

1893. Binocular field-glasses and telescopes with erecting prism 

systems. 
Stereo-telemeter and the stereoscopic range-finder. 
Butter and milk refractometer. 

1894. Sighting telescopes for ordnance. 

1895. The " Double Protar " photographic objective. 

1896. The " Planar " photographic objective. 

1897. Binocular microscope with ei'ecting prism system. 

1898. Berger's fine adjustment for the microscope. 

The Epidiascope — projection apparatus for transparent 
and opaque objects. 

1899. The " Unar " photographic objective. 

1900. Sighting telescopes for rifles. 

1901. Pulfrich's Stereo-comparator for astronomical, topographi- 

cal and metronomical work. 

1902. The " Tessar " photographic objective. 

1903. The Ultra-microscope. 
Verant. 
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Members of the Board of Management 
of Carl Zeiss. 



Czapski, Dr. Siegfried 

Fischer, Max 

Schott, Dr. Otto 

Stranbel, Dr. Rudolf 

(University Professor) ... 



Entkred the Placeii on the 

Optjcai. Works. Boarii (>]■■ Manageimejjt. 



1884 
1890 



1901 



1891 
1895 
1891 

1908 



Scientific Collaborators of Carl Zeiss. 



Na.meb. 

Abbe, Dr. Ernst ... 
(University Professor) 

Ambronn, I)r. Hermann 
(University Professor) 

Braun, Carl 

Gulmann, Dr. Paul 

Donitz, Emil (Engineer) 

Ehlers, Dr. Johann 

Fischer, Dr. Paul 
(Solicitor) 

Henker, Dr. Otto ... 



Entereii th e 

Ol'TICAI, AVOIIKS. DEPART.^IENT. 

... 1806 1H75-1908 Member of the Board 
of Management. 

1899 Principal of the Microscope 

Department. 

1900 Terrestrial-telescopeDepartment. 

... 1900 Scientific Representative of the 
Firm at Paris. 

1898 Principal of the Patent Depart- 
ment. 

1908 Research Specialist. 



1900 Legal Adviser for both Works. 

1908 Optical Measurements. 

Herschkowitsch, Dr. Mordko 1902 Principal of the Physico-chemical 

Laboratory. 

1903 Terrestrial-telescope Department. 
1908 Manager of the Branch at St. 
Petersburg. 

1900 Principal of the Projection and 
Photomicrographic Department 

1894 Principal of the Astronomical 
and Terrestrial-telescope De- 
partment. 

1899 Measuring - instrument Depart- 
ment. 



V. Hofe, Dr. Christian 
V. Ignatowski, Waldemar 

Kohler, Dr. August 

Konig, Dr. Albert ... 

Lowe, Dr. Friedrich 
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Meyer, Franz (Engineer) ... 1903 

Pauly, Dr. Max 1897 

Pulf rich, Dr. Carl 1890 

Eiedel, Dr. Paul 1879 

V. Kohr, Dr. Moritz ... 1895 

Kudolph, Dr. Paul ... 1886 



Sehtittauf, Richard 


.. 1890 


Siedentopf, Dr. Henry 


.. 1899 


Villiger, Dr. Walter 


.. 1902 


Wandersleb, Dr. Ernst 


.. 190'1 


Wardall, Frank C 


.. 1903 



Technical construction of Astro- 
nomical Instruments. 

Principal of the Astronomical 
Department. 

Principal of the Measuring- 
instrument Department. 

Optical Measurements, and 
Chemico-technical Problems. 

Theorist of the Microscopical, 
Photomicrographio and Projec- 
tion Departments. 

Principal of the Photographic 
Department. 

Photographic Department. 

Research Specialist. 

Astronomical Department. 

Photographic Department. 

Demonstrator at the London 
Branch. 



Chronological list of Social and Benevolent 
Provisions n\ade by the Firm of Carl Zeiss. 

1875. 1st Jan. — Foundation of the Carl-Zeiss sick fund, when 
about 60 people were employed. Conditions : — Compul- 
sorjf membership ; free treatment by own doctor ; free 
medicine ; full sick pay for six weeks, half pay for a 
further six weeks ; amount of sick pay fixed at annual 
meeting of members ; only occasional contributions by 
the firm. 

1885. 1st Jan. — Name of sick fund changed to " Betriebskranken- 
kasse," in accordance with the law of 15th June, 1883, 
and made to include the Optical Works and the Glass 
Works. Conditions : — Free choice of doctor ; full sick pay 
for twenty-six weeks, and reduced pay, at the discretion 
of the management of the fund, for an additional thirteen 
weeks ; amount of sick pay, three-fourths of the amount 
of wages ; the firm to contribute at least a third of the 
total amount of the contributions prescribed by law ; inde- 
pendent management of the fund by the members. 
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1888. 3rd Deo. — Statute of the superannuation fund of the firms 

of Carl Zeiss, and Schott & Genossen, nominally dated 
this day, the day of Carl Zeiss' death, but actually issued 
somewhat later. Conditions : — Pension in case of con- 
tinuous incapacity for work due to illness or age, to 
amount to from 50 per cent, to 75 per cent of the amount 
of wages on which the pension is calculated ; pension 
for widows to be 2/5ths, and for orphans l/5th of the 
pension of the husband and father; the age at which a 
workman begins to qualify for a pension to be 19 ; claim 
after five years' service ; highest monthly income to be 
taken into consideration when calculating the pension, 
£4, £5 or £6, in the case of a workman, and £5, £6 10s. 
or £8 in the case of others, according to length of em- 
ployment ; no contributions from employees. 

1889. 19tli May. — Professor Abbe, out of his private fortune, 

founded the " Carl-Zeiss Stiftung in Jena " — originally 
onlv for University purposes ; government confirmation 
given 21st May. 

1891. 1st July. — The " Carl-Zeiss Stiftung " becomes the owner 

of the Optical Works and part-owner of the Glass Works. 

1892. 1st April. — First codification of the workshop rules, the 

Labour Statute of the Optical Works. Stipulations : — 
Nine hours' day ; guaranteed minimum weekly wages for 
piece-work also ; overtime and Sunday work to be volun- 
tary and at a 25 per cent, increase in the rate of pav. 

1892. Autumn. — Arrangements made for a half-j'earlv medical ex- 

amination of boys and apprentices, with the object of pre- 
venting, or discovering, disease at an early stage. 

1893. 1st Jan. — Revision of sick-fund statute. Conditions : — 

Family insurance with free medical attendance and free 
medicine ; payments in case of death ; the firm to pav 
5/8ths of the contribution for single men and 3/8ths of 
that for married men. 

1893. 1st April. — Savings bank for employees, especially for 
juvenile workers, opened; interest paid at the rate of 5 
per cent. 

1896. 26th Aug.— Statutes of the " Carl-Zeiss Stiftung," signed 
by Professor Abbe on 26th July, published. Confirmed bv 
the Government on 30th July. Profit-sharing introduced 
(annual payment of deferred wages or salary); one week's 
holiday granted per year with pay. 
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1896. 1st Oct.— Statutes of the " Carl-Zeiss Stiftung " replace the 
original document of 19th May, 1889. They define the 
rights and duties of the employees ; secure to them com- 
plete liberty in the exercise of all personal and political 
rights ; state that wages cannot be reduced, even if the 
hours of labour are shortened ; grant payment for holidays 
and for absence from work due to fulfilling honorary 
duties ; give compensation of at least half a years' 
earnings in case of undeserved dismissal ; and admit a 
claim, for re-engagement under certain conditions, when 
the employment has been temporarily broken. 

1896. 1st Nov. — Opening of the public reading rooms at Jena, the 

property of, and managed by, the Reading-Room Associa- 
tion, largely supported by the " Carl-Zeiss Stiftung." 

1897. 9th Jan. — Permanent Workmen's Committee for the Optical 

Works formed. 
1897. 1st Sept. — Statute of the Superannuation Fund reVised. 
Pension : — Monthly maximum amount taken into con- 
sideration in calculating the pension increased to 
£5, £6 and £7 in the case of workmen, and to 
£6, £8 and £10 in the case of others, the quali- 
fying age to be 18 ; the time of service already 
spent with the firm, in the case of workmen who have 
left and been re-engaged, to count in calculating the 
pension ; married workmen to contribute towards the 
pensions for the families of deceased workmen half the 
amount of the risk-premium to which the fund is liable. 
Revision of the Labour Statute : — payment for lost time 
when on fire drill ; payment for overtime for night and 
Sunday work to be 50 per cent, more than the usual rate. 
1900. 12th Feb. — Addendum to the Labour Statute relative to 
paragraph 616 of the civil code : payment for unavoid- 
able loss of time, for two weeks, in the case of military 
men, when called to the colours for manoeuvres. 
1900. 1st April. — Eight hours' day introduced : abolition of break- 
fast and tea time : total prohibition of alcohol inside 
the workshops. 
1900. 20th April. — Baths for employees opened ; bathing allowed 
during working hours ; 10 bathrooms, including 1 for 
diseased persons. Over 40,000 baths were taken in 1902. 
1902. 1st June. — One year's sick pay granted in case of illness, 
if it should continue for so long a period. 
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1902. 1st Sept. — Foundation of supplementary sick fund by the 
employees to make up sick pay to total amount of wages. 

1902. 20th Sept. to 12th Oct.— Handing over of the rooms of the 

newly-built " People's Institute " to the Reading Room 
Association and to the Grand-Ducal Technical Schools. 

1903. 1st Nov. — Opening of the large hall of the People's Insti- 

tute. 
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